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8 68,5 60. INTERHEATER FOR COMPOUND COM- 
PRESSED-AIR ENGINES. Charles B. Hodges, Pitts- 
burg, Pa. Filed Oct. 10, 1904. Serial No. 227,862. 



1. In a compound compressed-air engine in combination 
with the high-pressure and low-pressure cylinders and 
their lnlet9 and exhausts, of a receptacle for compressed 
air connected with the exhaust from the high-pressure cyl- 
inder and with the Inlet to the low-pressure cylinder, and 
means for cansing a current of air to flow over the surface 
of the said receptacle operative on the exhaust of air from 
the low-pressure cylinder, substantially as described. 

2. In a compound compressed-air engine, in combination 
with the high-pressure and low-pressure cylinders and 
their inlets and exhausts, of a receptacle for compressed 
air connected with the exhaust from the high-pressure cyl- 
inder and with the inlet to the low-pressure cylinder, and- 
a passage for atmospheric air through said receptacle, the 
exhaust from the low-pressure cylinder being so arranged 
at the discharge end of said air passage as to draw atmos- 
pheric air therethrough, substantially as described. 

3. In a compound compressed air engine in combination 
with the high-pressure and low-pressure cylinders and 
their inlets and exhausts, of a receptacle for compressed 
air connected with the exhaust from the high-pressure cyl- 
inder and with the inlet to the low-pressure cylinder, pas- 
sages for atmospheric air through said receptacles, the 
exhaust from said low-pressure cylinder being arranged 
to cause a flow of atmospheric air at normal temperature 
through the passages, substantially as described. 

4. In a compound compressed-air engine, the combination 
with the high-pressure and low-pressure cylinders and 
their inlets and exhausts, of a casing arranged to permit 

the passage of a current of atmospheric air therethrough 
and provided with a flaring outlet, a receptacle for com- 
pressed air arranged within said casing and connected with 
the exhaust from the high-pressure cylinder and with the 
inlet to the low-pressure cylinder, the exhaust from the 
low-pressure cylinder being arranged to discharge into the 
flaring outlet of said casing, substantially as described. 

5. An interheater for a compound compressed-air en- 
gine which consists of a receptacle receiving air from the 
high-pressure cylinder and delivering air to the low-pres- 
sure cylinder, said receptacle being provided with a sur- 
rounding fluid envelop, such fluid-enveloped surface being of 
relatively great extent and arranged and adapted to absorb 
heat from the atmosphere, substantially as described. 
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TRAIN CARRYING COARSE C' >NCHN TRATI'S THE LOCOMOTIVE WEIGHS 42.OOO POUNDS, AND TRAVELS 14.OOO FEET IN MAKING, ONE R ' 'UNI* TK I !'. BOTH LOCOMOTIVE 

AND TRAIN ARE EQUIPPED WITH W ESTI NC.HOVSF AIR BRAKES 
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COMPRESSED AIR. February 190 3 



A X \RRO\V-G.\C,E CoMPRESSED Aik Tl/XNEI. Loi oVI • >Ti'.T. 


A NARROW GAGE COMPRESSED 
AIR LOCOMOTIVE 

Tv. half - 1 ■ ■ shows a To mi ■ Aw designed 

!-y Mr. Is. A Rix of San Francisco, "ivho ha- 
( i- oil much f promote the use of compres-ed 
air. especially by novel and original applica- 
tions of it. Three of these locomotive.' have 
been made hr a tunnel ever three miles long 
which, is being built near San Franci-c, 1 he 
tunnel is bring driven from each end and in 
both direct i- ns from a central shrift, thus pro- 
viding work for the three loconn >tivc« lire 
gage of the locomotive i- go inch and i:- 
weigh’f ahout y.ono peuinds It pas-cs through 
an nr,, .nine r ; incite- wid and so incites inch 
It will haul io fits at a -need of o - mih - 



an hour, and a charge of air is sufficient for 
a mile and return. The maximum pressure in 
tile storage tank is i.ooo pounds and a pres- 
sure reducer maintains too pounds as the 
w orking pressure. Tile engine is. of course, 
reversible, although the link motion is not 
used, and there arc air brakes and all the 
mcr — nrv fittings for handy and -ate opera- 
te, n A chain drive connects the encine shaft 
wiili fo. axles. 
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H K Porter Company 

Builders of 

Light Locomotives 

Steam and Compressed Air 


HENRY KIRKE PORTER President 
WILLIAM ENSIGN LINCOLN Vice-President 
HOBART BENTLEY AYERS General Manager 
WILLIS ELIPHALET MARTIN Tr.-asurer 
CHARLES LAWRENCE McHENRY Secretary 
DAVID EDWARD FERGUSON Purehaeinu Aitent 


1908 


Advertisement 



Our Compressed-Air Locomotives are described in our new catalogue 

Compressed-Air Haulage 

which will be mailed free on request of mine or industrial operator or others interested 

Compressed-Air Locomotive* «re preferable for underground haulage and for surface use at various 
industrial operation*. They are wholly free from danger of fire, no dirt or smoke, easy to handle, free from 
breakdown, compare favorably with any other mechanical haulage as to economy, last longer with lets repairs 

In writing for Air Catalogue, please add “as advertised in Steam Catalogue” 


U. S. PATENT OFFICE. 


October 20 , 1908. 

001.617. APPARATUS FOR CHARGING LOCOMOTIVES. 
Charles B. Hodges, Pittsburg, Pa. Filed Apr. 27. 1908. 
Serial No. 429,460. 



1. In apparatus for charging compressed air locomotives 
in tandem, the combination with a supply pipe, of reser- 
voirs, flexible pipe connections between said reservoirs, 
means for connecting up said connections with said sup- 
ply pipe, means for cutting off said reservoirs from said 
connections, and means for releasing the pressure from 
said connections. 

2. In apparatus for charging compressed air locomotives 
in tandem, the combination with a supply pipe, of reser- 
voirs, flexible pipe connections between said reservoirs, 
check-valves controlling the supply to said reservoirs, and 
means for releasing the pressure from said pipe connec- 
tions when said check valves are closed. 

3. In apparatus for charging compressed air locomotives 
in tandem, the combination with a supply pipe, of reser- 
voirs, check-vaives, freely -releasable connections between 
one of said check-valves and said supply pipe, flexible pipe 
connections from one check valve to the other, connec- 
tions between said check-valves and said reservoirs, and 
means for releasing the pressure in said flexible pipe con- 
nections. 

4. In apparatus for charging compressed air locomotives 
in tandem, the combination with a supply-pipe, of reser- 
voirs, check-valves, connections between said check-valves 
and said reservoirs, flexible pipe connections between said 
check-valves, freely releasable connections between said 
supply-pipe and one of said check-valves, and a bleeder- 
valve to release the pressure from said flexible pipe con- 
nections. 

5. In apparatus for charging compressed air locomotives 
In tandem, the combination with a supply-pipe, of reser- 
voirs. check-valves, connections between said valves and 
said reservoirs, flexible pipe connections from the supply 
side of the casing of one of said check-valves to the supply 
side of the casing of the other valve, the supply opening 
of one of said casings being closed, means for connecting 
up the other casing to said snpply-pipe, and means for re- 
leasing the pressure from said flexible connections before 
or at the time that said locomotives are disconnected from 
said supply-pipe. 
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TANDEM COMPRESSED AIR 
LOCOMOTIVES 

The Baldwin Locomotive Works have re- 
cently built eight compressed air locomotives 
for the H. C. Frick Coke Company, a pair 
of them being shown in the half tone. These 
engines are alike except that six of them 
have a track gage of 3 ft 6 inches and the 
other pair 3 feet 4 inches They are for 
a gaseous mine where the employment of 
electricity would be dangerous, the operating 
conditions requiring the hauling of heavy 
loads up grades as steep of 5 per cent, and 
around curves of 180 feet radius. The re- 
stricted clearance limits made it practically 
impossible to design a single locomotive meet- 
ing the conditions, so they were arranged to 
be operated in tandem as here shown. 

The locomotives are coupled back to back, 
one operator controlling the two units by 
a single throttle lever, reverse lever, brake 
valve, etc., the locomotives also being 
charged simultamously by means of a fievible 
connection between the air tanks. This flex- 
ible connection is closed when the locomo- 
lives are in operation, but the auxiliary, 
working pressure tanks art then in commun- 
ication through a rubber hose, so that the 
cylinder pressures on the two units are equal- 
ized. This pressure is maintained by the 
reducing valves at 150 lbs., the initial pressure 
in the storage tanks being 800 lbs. 

Each locomotive is provided with, two air 
tanks, one of which is about 30 inches shorter 
than the other to allow room for the oper- 
ator. They are built of steel plates 7 g inch 
thick, being 31 M inches in diameter, and 
the longest 14 feet g 1 4 inches long. The 
circumferential seams are triple riveted and 
welded, and are further reenforced by an 
inside liner secured to the shell by eight 
rows of rivets. 

Tlic details of construction, as far as 
frames, running gear and valve gear are 
concerned, present many features similar to 
those of the steam locomotive practice. The 
frames are of cast steel, of the usual bar form 
in the middle and narrowed down to a 
slab section at each end. The air tanks are 
supported on cast steel saddles, one of which 
is bolted between the slab frames at each 
end of the locomotive. The cylinders, 8 by 
12 inch, are cast separately and are placed 
outside the frames. The driving wheels are 


4 left 6 inches diameter, the combined wtight 
of the two locomotives is 46.400 pounds, 
and as the normal traction force is 8,160 pounds, 
a liberal factor of adhesion is assured The 
equipment throughout is most complete lor 
a locomotive of this type, and special at- 
tention has been given to making the coup- 
ling devices simple and positive in action 
so that the loco, motives can be readily oper- 
ated in tandem. 


COMPRESSED AIR MAGAZINE. October 1908 

DEATH OF GARDNER D H1SCOX 

Gardner Dexter Mi-c \ - 0 ■ ! 

bethtown. \. V.. in IS-- -A : ■: I. o' 

Orange. X. J„ i»n Sept. " -.ves -a:.- 6 

many re-pects an except: - ~\- 

ing of more than a pa- s' no " no o. : t . 1 

for a consecutive iiarrati hi- h " - 

not scent to lie acvc--: ! !'■ "n l.nki 

Champ!, nr and amid rural surroundings he 
had n< m re than the Usual education obtain- 
:XY in tin. district -cho. ■ ! an 1 the village acad- 
eii'i t lit- min. which. 1 never, afforded fa- 
cni'e- f. ■- practical preparation for life's activ- 
■ " - rot In -piiken lightly of even to-day. 

6 •■■•■e It. v. a- o;u , ,f hi- teen- he was teach- 
" e -eh"" and thereat' r he engaged in 

mercantile pursuit- which he followed most of 
hi- active life. He was 111 business in Chicago 
when the fearful panic of 1857 occurred and 
brought his career to a close there. His long- 
est consecutive bu-ine-s connection is under- 
stood to have been a- a partner in a house in 
New York, manufacturing and dealing in 
steam and water fitting- and supplies, and he 
became an expert and a leading authority up- 
on steam heating, ventilation and sanitary en- 
gineering His later years were spent 111 con- 
sulting and advisorv engineering, in editorial 
work and in compiling technical book-. He 
was connected with the Scientific American 
for many year- and i- understood to have been 
especially engaged there in conducting the 
technical question and answer department, for 
which he was eminently qualified He was 
also a cm’tributor to the Compressed Air 
Magazine from the first year of its exis- 
tence, Mr Hiscox was the victim of a -erious 
trollev car accident some -ix years ago. which 
practical!) confined him to hi- residence for 
the re-t of hi- days 

Mr. Hi-cox was a man of exceptional and 
tireless mental activity. He perhaps had no 
special hobby, but he was an omnivorous col- 
lector of all available information in every line. 
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FIG. 409. — DETAILS OF RUNNING AND MOTOR GEAR. 
Hardie Motor System, 28 th and 29th Streets, New York City. 


bp 

g 


0 

cu 


i 

X 


4 -> 

bO 

4 -> 

U 

X 

0 

J4 


X 

4 -* 

i-. 

O 

<D 

< 4 -i 

>H 

X 

4 -» 

O 

£ 

<44 

u 

D 

o 

03 

O 

!5 




G 

Jh 

4 J 

O 

o 

0 


4 -> 

0 

4 -> 

o 

5 ~i 

rt 

r* 

4-1 

o 

s 


o 

<D 

X 


d 

5 -h 

4 -> 

XT) 

0 

X 

03 


4 -» 

a 

G 

bo 

4 ) 

O 

G 

•S 

4 -» 

d 



0 ) 

O 

Uh 

to 

X 

o 

G 

CO 


d 

g 


bO 

G 




o 

G 

d 

o 


0 

X 




X 

G 

o 3 


bo 

G 


o3 

0 

X 

(1) 

Vh 


<D 

U 

G< 



X 

bO 


0 ) 

x 


a) 

X 


a 

<u 

x 


03 

(D 

G 

<U 

X) 


bo 

G 


10 

a) 

co 

co 

03 

Gh 


bO 

03 

X 

a 

co 


to 

X 

G 

03 


d 


s js 

* H 




03 

0 

x 

0 

i— * 


0) 

X 



'SHVD HOXOK HIV aSSS'JHdWOO 3ICIHVH 3HX 30 K3XSAS 30VH0XS QNV l HY30 ONINNHH *SH3CINnAD HIV 

— ^ 


* 9 °* *01 £ 


CO 

CO 

o 

G 

G< 


$-< 

o 

a. 

03 

> 


d 

0 


03 

5 -. 

G 


X 

G 

oj 


con 

T— < 

0 


0 

0 

X 

X 

4-* 

4-> 

G 

O 


4-» 

d 


0 

G 

d 

0 

a 

X 

rt 

4-1 

G. 


X 

CO 

0 

d 

d 

G 

G 

G 

03 

0 

Gh 

0 

> 

o 

T-— 1 

G 

luO 

> 


bo 

<4-4 

o 

C 



ure 

t— ( 

O 

u 

4-» 


a 

o 

in 


Ih 

o 

G 


d 

5 -« 

rt 

O 


rt 

o 


X 

G 


0 

G 

G 

co 


0 

u 

a. 


co 

o 


bO 


0 

x 

m S 

o 

s « 


a 3 


0 

X 


bo 

G 


U 

as 

0 

G 


O 
co 
*-< 

0 

•g .2 


to 

G 



20 



Fig. 410.— “COMPRESSED AIR MOTOR CAR OF THE METROPOLITAN STREET RAILWAY CO., 28TH AND 29TH STREETS, NEW YORK 

CITY. HARDIE MOTOR SYSTEM. 

Car 32 feet over all ; seats 30 passengers ; weight of truck and motor, 11,000 pounds ; total weight, 19 , 000 , 
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PIG. 413.— SIDE AND END ELEVATION OF THE MOTOR. 
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Fig. /2o.— pneumatic locomotive for yard and factory service. 1 

6oo to 700 pounds pressure. 

diminutive narrow-gauge locomotive that needs no feed when 
fio work is being done. The compressed-air system has en- 
tirely supplanted steam in underground work, and has become 
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A Contrast in Locomotives. 

The ;ir-c*jnpanyintr photograph shows 1 1 1 v < ■ < lo- 
'.mnsivos — .all niuil'Tii, all built 1 *y ila sain*- 
’inker- and yot prosmt Ing a striking entrust in 
«izf. design an-] goiicrnl nppournmu*. It N an 
*xtrem* illustrn t ion of modifon tinn <>f d^sijrn duo 
m the difff-nnt conditions ami rfcpiin-nifMits 1111- 
■I'-r which a machine is to bo used. 

The largo st*-am ]<»oomotivo (roally of only 
rr-xlerate siz» < is of the six-wheel switcher typo 
with an eight-\vheob>d tender. Its principal di- 
rrfnsicns nro ns follows: 

Cylinders, 2*Mn. rljn.. 20-in. si mk* ; driving w h« i']-; 
vt-in. flia. ; weicht of engine. 1 . 10 . out) lbs.; weight of 
•►yuler, !«n.ofMt lbs.; rigid wheel base of engine. tl ft. ; 
ifieht, ]1 ft. 0 ins ; width, !* f!. ]o ins.; ieniPk ovrr 
’unipers, 1<i ft. 1 ins.; tractive forre. 1 . 1 , 1 * In lb* ; hoi In. 
='n:eht typo: diameter, 72 ins.; pressure. 20i» 1 > * s . ; flr* 1 - 
Vix, Of> < 1b in = .: 12S tubes, 2 ins. in din. 1) 1 ‘. long; 
•-,*al heatine surface. 2. *'29 pq. ft.; crate arei. 2*1 sq. ft.; 
■ender capacity. I..K 10 gal', water, 7 tons enal; “fan lard 
f^ee. 

Just behind the switch engine is n compressed- 
air inconmtive. which is elaimed by Urn 11. 1\. 
Porter Co.,* maker of all three engines, to be 
the largest two-stage air locomotive in the world. 
K was built for use at a powder magazine and 
is designed to start five loaded freight cars on a 
level track and to haul two loaded steel coal cars 


five miles on a single charge of air. It is of the 
four-wheel type with a main reservoir consisting 
of three tanks all connected together. The tanks 
are 40-ins. in diameter, two 15 ft. long and the 
third 17 ft. in length. The principal dimensions 
follow : 

H.P. cylinder, 11 x IS ins.; L P. cylinder, 22 >. IS ins.; 
wheels, .m-ins. dia. ; rigid wheel base, 5 ft. 0 ins. ; 
■'fight of engine. .1.1.000 lbs,; capacity, main reservoir. 
17i1 cu. ft. ; tractive force, 10.000 ibs. ; height. 12 ft. 0 
ins.; width, 0 ft. 0 ins.; length 21 ft. 11 ins.; pressure 
at throttle, 250 lbs. ; L. P. cylinder pressure, 50 Ibs. ; 
main reservoir pressure, 825 Ibs. ; standard gage. 

The small locomotive at the left of the picture 
was built for use on a private plantation railway 
in Nicaragua. It is of the four-wheel type with 
side tanks and a steel-canopy cab. Its chief 
dimensions are as follows: 

Cylinders, 5 x 10 Ins. ; driving wheels. 20-in. diameter ; 
rigid wheel base. 5 ft. (5 ins. ; height, 8 fL 0 ins. ; width, 

.1 ft. A ins. ; length, 10 ft. 2\A ins. ; weight of engine. 
11.000 lbs.; tractive force. 1,7oO lbs.; boiler, strai^ic 
ivpe ; diameter, 21 tns. ; pressure, 100 lb9. ; firebox. 20 
ins. x l^b, Ins.; 17 tubes. .1*4 ins. diam. ; 1 ft. 2 ins. 
long; heating surface. 5K.9 sq. ft.T grate area, 11*1 sq. 
ft; capacity of tanks. 150 gals.; capacity of fuel box, 
20* 1 Ibs. coal ; gage, 10 ins. 

It appears from those data that the plantation 
locomotive could probably pull the 75-ton switcher 
along a bvcl track, providing that the switcher 
were willing. 



A 75-TON SWITCH ENGINE, A LARGE COMPRESSED-AIR LOCOMOTIVE AND A DIMINUTIVE 
STEAM LOCOMOTIVE FOR PLANTATION USE. 
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951.334. METHOD OF OPERATING COMPOUND COM- 
PRESSED-AIR ENGINES. Charles. B. Hodges, Fitts- 
burg, Pa., assignor to II. K. Porter Company, Pittsburg, 
Pa , a Corporation <f Pennsylvania. Filed June 11, 
1909. Serial No. 501,041. 



1. The method of operating compressed air engines, con- 
sisting in carrying the air at high pressure through and 
expanding it in one cylinder and thereby reducing it be- 
low lowest atmospheric temperature, re heating the ex- 
haust air from said cylinder when confined by extended 
exposure to air heating at atmospheric temperature and 
thereby increasing the volume thereof and its capacity to 
generate power, and carrying the re heated air through a 
low pressure cylinder. 


2. The method of operating compressed air engines, con- 
sisting in carrying air at high pressure through one cyl- 
inder and thereby reducing it below atmospheric tempera- 
ture, confining such air within a receptacle and by a jet 
of air under pressure Inducing a current of air at atmos- 
pheric temperature over the exposed surface of such re- 
ceptacle and thereby reheating and increasing the volume 
of such exposed air, and carrying the reheated air through 
a low pressure cylinder. 

3. The method of operating compressed air engines, con- 
sisting in carrying the air at high pressure through and 
expanding it in one cylinder and thereby reducing it be- 
low lowest atmospheric temperature, re heating the ex- 
haust air from said cylinder when confined by extended 
exposure to air heatirig at atmospheric Temperature and 
thereby increasing the volume thereof, and carrying the 
re heated air through a low pressure cylinder, and so dis- 
charging the exhaust therefrom as to induce a draft over 
the exposed surfaces of the receptacle confining the ex- 
haust air from the high pressure cylinder. 

4 . The method of operating compressed air engines, con- 
sisting In carrying the air at high pressure through and 
expanding it in one cylinder and thereby reducing It be- 
low’ lowest atmospheric temperature and re heating the 
exhaust air when confined by extended exposure thereof to 
air at atmospheric temperature and thereby increasing it 
to the necessary volume to generate substantially like 
power within another cylinder of greater cubical contents 
and carrying such reheated air through such low pres- 
sure cylinder. 
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9 method or oi-kkating fomi Ol‘Ni> COM- 
PRESSED-AIR ENGINE*. Oiaku.s F, Hodges. I'itts- 
burg, Fa., assignor to H. K Porter Company, Pittsburg. 
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3 . The method of operating compound compressed air 
eDgiDes, consisting in carrying the compressed air at high 
pressure and expanding it within one cylinder and there- 
by reducing It below atmospheric temperature, confining 
such exhaust air from said cylinder within a receptacle 
and Inducing <rve r the exposed surfaces of said receptacle 
a violent current of air at atmospheric temperature suffi- 
cient to scour from < r prevent the formation of frost on 
the exposed surfaces of said receptacle and thereby reheat- 
ing and increasing the volume of such exhaust air and its 
capacity to generate power, and carrying the reheated air 
through a low pressure cylinder. 

2. The method of operating compound compressed air 
engines, consisting of carrying the compressed air through 
aDd expanding it within one cylinder and thereby re- 
ducing it below atmospheric temperature, confining such 
air within a receptacle having a series of tubes passing 
through the same and Inducing a violent current of air at 
atmospheric temperature through the tubes of such re- 
ceptacle sufficient to scour from or prevent the formation 
of frost therein, thereby reheating and increasing the vol- 
ume of such exhaust air and carrying the reheated air 
through a low pressure cylinder. 

3. The method of operating compressed air engines, con- 
sisting in carrying the air at high pressure through one 
cylinder, confining the exhaust air therefrom within a re- 
ceptacle having extended exposed surfaces and then 
through a low pressure cylinder, and inducing a current of 
air at atmospheric temperature over the surfaces of the 
confining receptacle by a jet of air at as high pressure as 
that entering the low pressure cylinder. 


953,336. COMPRESSED-AIR ENGINE Charles B. 
Hodges, Pittsburg, Pa., assignor to H. K Porter Com 
pany, Pittsburg, Pa., a Corporation of Pennsylvania. 
Filed June 11, 1909. Serial No. 501,643. 



2. In a compound compressed air engine, the combina- 
tion of a high pressure engine, a low pressure engine, and 
an inter-heater between them, said inter-beater having a 
long contracted body of small diameter filled with a large 
number of tubes of small diameter, and means for indue 
fng a current of atmospheric air through said tubes suffi- 
cient to cause a scouring draft through the said tubes aDd 
prevent the formation of frost tbereon. 

2. In a compound compressed air engine, tbe combina- 
tion of a high pressure engine, a low pressure engine, an 
Inter-beater between them having large exposed surfaces 
and having a nozzle on the discharge end thereof, an air jet 
communicating with said nozzle aDd a pipe carrying air 
under pressure as high as that entering the low pressure 
cylinder and communicating with said air jet. 

3. In a compound compressed air engine, tbe combina- 
tion of a high pressure cylinder, a low pressure cylinder, 
an air inter-heater, a pipe leading from the exhaust of the 
high pressure engine to said Inter-heater, and a pipe lead- 
ing from said Inter-beater to the low pressure cylinder, 
and a pipe leading from said latter pipe to supply air 
under pressure to produce tbe current of air over the ex- 
posed surfaces of the Inter-heater. 

4. In a compound compressed air engine, the combina- 
tion of a high pressure engine, a low pressure engine, an 
Inter-heater, a pipe leading from the high pressure engine 
to the inter-beater and a pipe leading from the inter- 
heater to the low pressure engine, said pipe having a stop 
valve located therein, and a pipe connected to said pipe 
between tbe atop valve aDd the low pressure engine for 
supplying air under pressure to produce a draft over tbe 
exposed surfaces of the inter-beater. 

5. Id a compound compressed air engine, the combina- 
tion of a high pressure engine, a low pressure engine, an 
Inter-heater between them having a discharge Dozzle and 
an air jet to induce a draft over the exposed surfaces of 
the Inter-beater, a pipe carrying air under pressure as 
high as that entering the low pressure cylinder and lead- 
ing to said air jet and a pipe leading from the exhaust of 
the low pressure engine to said air jet. 


December 20 , 1910 . 
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1. In compound compressed air engines, the combina- 
tion of a high pressure engine, a low pressure engine 
and an ii:ter-heater between them, a main throttle valve, 
means for Inducing a current over the exposed surfaces 
of the inter-heater, a valve controlling the same and a 
lever controlling both the main throttle valve and tbe 
current inducing valve. 


2. In compound compressed air engines, the combina- 
tion of a high pressure engine, a low pressure engine, 
and an inter-heater between them, a main throttle valve, 
an air jet nozzle for inducing a current over the exposed 
surfaces of the inter-heater, an air jet valve for feeding air 
under pressure to said nozzle, and a lever controlling 
both the throttle valve and the air jet valve. 

3. In compound compressed air engines, the combina- 
tion of a high pressure engine, a low pressure engine, and 
an inter-lieater between them, a throttle valve and a 
throttle lever controlling the same, means operated by 
air under pressure for inducing a current over the ex- 
posed surfaces of the inter-beater, and a valve controlling 
the curient inducing means located close to the throttle 
lever and operated thereby. 

4 . In compound compressed air engines, the combina- 
tion of a high pressure engine, a low pressure engine, and 
an Inter-heater between them, means operated by air 
under pressure for inducing a current over the exposed 
surfaces of tbe inter-beater, and a valve controlling said 
inducing means, a throttle valve, aDd a throttle lever 
connected to the throttle valve and having an auxiliary 
arm controlling the current inducing valve. 



U. S. PATENT OFFICE. 


A‘’ril 30. 1912. 


THE ENGINEERING MAGAZINE 


29 


1.024.77*. COMPRESSED-AIR ENGINE. Charles B. 
IIodges. Pittsburgh. Pa., assignor to H. K. Porter Co., 
Pittsburgh. I'a.. a Corporation of Pennsylvania. Filed 
July 31, 1911 Serial No. 041.506. (Cl. 230—3 y.» 



1. In compressed air engines, the combination with an 
air reservoir, a high pressure cylinder, a connection lead- 
ing from said reservoir thereto, a throttle valve in said 
connection and another valve controlling said connection 
ahead of said throttle valve, of a low pressure cylinder a 
by-pass leading from said connection between said valves 
to sold low-pressure cylinder, a valve controlling said by- 
pass, a throttle lever, and mechanism directly movable 
thereby to simultaneously open said throttle valve and 
dose said controlling valve. 

2. In compressed air engines, the combination with an 
air reservoir, a high pressure cylinder, a connection lead- 
ing from said reservoir thereto, a throttle valve in said 
«onnect:on and another valve adapted to close said con- 
nection ahead of said throttle valve, of a low pressure cyl- 
inder, a by-pass leading from said connection between said 
valves to said cylinder, a norrr .lly operative valve con- 
trolling said by-pass, and mechanical means controlling 
said throttle valve and arranged to directly open said last 
mentioned valve when the throttle valve Is closed, and 
to insure its closing when the throttle valve is opeB, sub- 
stantially as described. 

3. In compressed air engines, tbe combination with an 
air reservoir, a high pressure cylinder, a connection lead- 
ing from said reservoir thereto, a throttle valve in said 
connection and another valve adapted to close said con- 
nection ahead of said throttle valve, of a low pressure 
cylinder, a by-pass leading from said connection between 
said valves to said rylinder, a manually operative valve in 
said by-pass, another valve controlling said by-pass, a 
throttle lever connected to said throttle valve, and me- 
chanical moans ' losing said first aforementioned valve In 
said reservoir connection, and opeDiDg said last mentioned 
valve controlling said by-pass when said controlling lever 
is moved to close said throttle valve, and opening said by- 
pass connection when said throttle lever is oppositely 
moved. 

4. In compressed air engines, the combination with an 
nir reservoir, a high pressure cylinder, a connection lead- 
ing from said reservoir thereto, a throttle valve in said 
connection and another valve adapted to close said connec- 
tion ahead of said throttle valve, of a low pressure cylin- 
der, a by-pass leading from said connection between said 
valves to said cylinder, a throttle lever controlling said 
throttle valve, a shaft actuated by said lever and pro- 
vided with a finger, and a valve controlling said by-pass 
and opened by said finger when the throttle valve is closed. 

Id compressed air engines, the combination with an 
nir reservoir, a high pressure cylinder, a connection lend- 
ing from said reservoir thereto, a throttle valve in said 
connection and another valve adapted, to close said con- 
nection ahead of said throttle valve, of a low pressure 
cylinder, a by pass leading from said connection between 
said valves to said cylinder, a rotary shaft, a throttle lever 
carried thereby and controlling said throttle valve, means 
carried thereby operating said first aforementioned valve, 
two valves arranged in said by-pass, the first of which is 
manually operative, and a finger carried by said shaft ar- 
ranged to open the second of which valves when the throt- 
tle valve is closed, and to permit its closing when the 
throttle valve is open. 

(Claims 0 and 7 not printed in the Gazette.] 
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COMPRESSED-AIR MACHINERY 

One characteristic of the ordinary 
plain displacement pump is the waste 
of power entailed by the direct re- 
lease of the displacing air volume 
after the fluid is rejected from the 
pump tank. This air, after doing its 
work, is still at practically full press- 
ure, therefore having all its potential 
energy of expansion. Its direct ex- 
haust into the atmosphere after dis- 
placement is the throwing away of 
this expansive power without any use- 
ful effect. 

If the air pipes from the compres- 
sor to the tanks are carried back to 
the compressor room to apply the 
pressure remaining in the air volume 
after displacement on the reverse side 
of the compressor piston, where it 
would help in compressing the air 
into the pump tank, we have a “re- 
turn-air” expansive displacement 
pump, operating at good economy. 

This system has all the advantages 
of simplicity that the non-expansive 
system enjoys, with the additional ad- 
vantage of being much more efficient. 

Under normal conditions it is safe to 
say that the “return-air” system will 
show an average efficiency of 50 to 
55 per cent, this efficiency being the 
ratio of horse power of water lifted 
to indicated horse power in the steam 
cyl-'nder of the compressor, including 
all losses. 

Compressed-Air Engines 

The question of using compressed 
air in engines is not one involving 
any intricate calculations to deter- 
mine the feasibility’ of such a prac- 
tice. Any engine that will operate 
with steam will operate with com- 
pressed air without any changes. 
Compressed air is used, however, only 
in small units and principally in hoist- 
ing engines on temporary- construc- 
tion work. 

The volume of air required in an 
engine depends on the cut-off, vary- 
ing directly with it as does the horse 
power. Hence, for a given pressure, 
the horse power of an engine deter- 
mines the amount of air used. Too 
often air is used non-expansively in 
engines, and in this case the volume 
of air used is the volume swept 
through by the piston with an addi- 
tional 10 per cent for leakage. 
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The following table shows the vol- 
ume of air required for operating 
hoisting engines under working con- 
ditions, the air being delivered to the 
engine at 60-pounds gauge pressure. 
In this table the hoisting engine is 
supposed to run but half the time 
■while the compressor works continu- 
ously. If the engine runs less than 
half the time, as it usually does, the 
air required will be proportionately 
less, and vice versa. The table is 
computed for maximum loads, which 
also vary widely in practice. Because 
of the intermittent character of the 
work of a hoisting engine the parts 
are able to resume their normal tem- 
perature between the hoists, and 
there is little probability of annoy- 
ance due to freezing up the exhaust 
passages. 


cient and economical than the pre- 
vailing system of hauling by animal 
power. Their use, however, was 
limited to the main gangways of well 
ventilated mines on account of the 
danger and inconvenience from fire 
and escaping steam and gases. In 
order to overcome the difficulties at- 
tending the use of steam, compressed 
air was substituted. A reservoir 
was provided for the reception of the 
air, to take the place of the steam 
boiler, making no material change in 
the arrangement of the machinery, 
In this way the efficiency derived 
from the use of the locomotive was 
retained and danger avoided. 

It will be readily seen that locomo- 
tives actuated by compressed air can 
exert only so much power as has pre- 


TABLE oh THE VOLUME OE FREE AIK REQUIRED FOR OPERATING HOISTING ENGINES 
Thu air compressed to 0U pounds gauge pressure. 

Cyl. diu. Stroke Revs, per Nominal Actual Weight 

in inches inches minute H. I'. H. P. lifted Cu. ft. free 

single rope air per min. 


5 

0 

200 

G> 

5 

8 

100 

4 


8 

100 

0 

8b 

10 

125 

15 

i 

10 

125 

10 

8b 

12 

110 

20 

0 

12 

no 

25 


The table given above is for single- 
cylinder engines. For double-cylin- 
der engines of the same diameters and 
the same speed, the horse powers and 
the air consumption will be doubled. 

Compressed-Air Locomotives 

Locomotives particularly adapted 
for mine haulage were first used in 
the United States about 1870. These 
early locomotives were operated by 
steam, and proved vastly more effi- 


r. . 0 GUO 75 

i,odo so 

0.0 1,500 125 

12.1 2,000 151 

10.8 3,000 170 

18.9 5,000 238 

20.2 6.000 330 


viously been stored within them, and 
when this power has been exhausted 
it can be restored only from with- 
out. It is necessary, therefore, to pro- 
vide tanks or reservoirs of sufficient 
capacity to supply the total power de- 
manded for the entire run, or from 
one charging station to another. 

In view 7 of the large quantity of 
free air required to propel a locomo- 
tive when drawing any considerable 
load, it is of the greatest importance 
to consider carefully the storage 
capacity, and to utilize any means 



FIG. 85. 18,000-POUND AIR LOCOMOTIVE. BUILT BY H. K. PORTER COMPANY, PITTSBURGH, 

FOR THE LEHIGH AND WILKES-BARRE COAL COMPANY 


The locomotive cylinders are 6 and 12 inches in diameter with a stroke of 12 inches. Hoisting drum 
has cylinders of equal diameters but 8-inch stroke. Drum is used for hauling cars up steep pitches. 


which will economize the air or in- 
crease its efficiency, as this directly 
affects the capacity of the locomotive 
both for hauling power and for 
length of run. 

When air is expanded in the loco- 
motive a drop in temperature is ex- 
perienced, reaching far below that of 
the atmosphere ; this has a marked 
effect on the final volume of the air 
used in the cylinders. An increase in 
economy and efficiency will, therefore, 
be obtained by restoring some of its 
lost heat. An efficient system of re- 
heating would be highly desirable 
were it not for the complications in- 
volved, and the fact that for mine 
service the process of reheating 
brings with it the very danger that 
the use of the compressed-air loco- 
motive is intended to avoid. Since 
the outer air is warmer than the ex- 
panding compressed air, the atmos- 
phere acts as a reheating medium, 


and in order to increase the effect of 
this the cylinders are corrugated to 
enlarge the reheating surface. 

In order to get the effect of re- 
heating without using heat from an 
external source, the two-stage air lo- 
comotive is used. In this type of 
machine the drop in temperature in 
each cylinder is much less than it 
would be if the same expansion oc- 
curred in one cylinder. The total drop 
would be the same, but it is possible 
to heat the air between the cylinders 
by means of the atmosphere. This 
increases the efficiency of the loco- 
motive in addition to doing away 
with some of the troubles due to ex- 
tremely low temperatures. The two- 
stage locomotive will do from 40 to 
60 per cent more work with the same 
quantity of air, thus reducing the cost 
of power about 30 per cent ; reducing 
the size of compressors and boilers 



FIGS. 86, 88. AIR LOCOMOTIVES FOR MINE SERVICE BY THE BALDWIN LOCOMOTIVE WORKS 

Above: Compound ]*jc •nuaivt-; C- and 12 inch cylinder with common stroke of 30 inches; $00 pounds 
storage pressure and 25u pounds woihing pressure; weigh:, 3 5,00b pounds. 

Below: Single-stage locomotive; 6- by 10-inch cylinder; $00 p-uu ds storage press ..rc and 340 pounds 
working pressure; weight, 14,050 pounds. 
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30 per cent; reducing the first cost 
of the installation approximately 15 
per cent; and increasing by 30 per 
cent the distance which the locomo- 
tive will travel on one charge of air. 

In the two-stage locomotive the 
compressed air is expanded in two 
successive cylinders, providing for a 
wider range of expansion, with higher 
initial and lower terminal pressures, 
thereby securing many of the advan- 
tages which compound cylinders give 
where steam is used, except that in 
the case of air there can be no cylin- 
der condensation. The effects of a 
wide range of expansion in a single 
cylinder, with the resultant great dif- 
ference in temperature, are, none the 
less, of serious consequence, causing 
as they do a temperature of the cylin- 
der and port walls considerably below 
that of the incoming air, with initial 
refrigeration and serious shrinking 
in volume. In addition to this, which 
is the principal reason for compound- 
ing with steam, there are various 
other considerations which render the 
expansion of compressed air in suc- 
cessive cylinders either vastly more 
advantageous or an utter failure, de- 
pending upon whether advantage is 



FIGS. 89 , 90 . TWO-STAGE AIR LOCOMOTIVES BY THE H. K. PORTER COMPANY 

The uj.-j-cr vm. ii. the service of the United States Navy mint, v.«igii? ; v.m !-. 

The lower one is a three-cylinder locomotive built for the hlepuL-iic Iron and Steel Ccmiuny. 



FIG. 87 . END VIEW OF FIG. 86 , OPPOSITE, 
SHOWING ATMOSPHERIC INTERHEATER 


taken of the radically different condi- 
tions under winch the two fluids 
operate. 

When air is compressed, the heat 
of compression is dissipated as soon 
as possible. If it could be done dur- 
ing compression, then the work of 
compression would be reduced materi- 
ally. Much reduction in temperature 
is accomplished by using tw T o-stage 
compression and cooling the air be- 
tween the stages. If the compressed 


33 


air could be used in a locomotive be- 
fore the heat of compression is lost, 
then it would pay to compress adia- 
batically. Since the compressed air 
cools in the pipe line, whether or no, 
the best the locomotive builder can 
do is to imitate the builder of the 
two-stage compressors and make his 
locomotive two-stage. The intercooler 
of the compressor then becomes the 
interheater of the locomotive, and it 
is the interheater that makes the suc- 
cess of the two-stage locomotive. 

Since the air entering the high- 
pressure cylinder of the two-stage lo- 
comotive is at atmospheric tempera- 
ture, and is cooled down by the cylin- 
der walls, it follows that the air which 
is exhausted after expansion is much 
colder than the atmosphere. That 
fact makes it possible to use an inter- 
heater without supplying any heat 
from an outside source, but simply 
employing the heat of the atmosphere 
to bring back the temperature of the 
receiver air to that of the outside air. 


Figure 89 illustrates the two-stage 
locomotive built for the United States 
Navy and used at Hingham, Massa- 
chusetts, for hauling ammunition 
from the N. Y., N. H. & H. R. R. side 
track to the magazines and from them 
to the wharf for delivery to the war 
ships. 

The plant consists of the locomo- 
tive, two electrically driven air com- 
pressors delivering air at 1,100 
pounds pressure, a battery of eight 
storage tanks, 600 feet of 6-inch pipe, 
and two charging stations. 

In operation, the locomotive is 
charged to a pressure of 800 pounds 
in about 2V4 minutes and will then 
travel a distance of about 4 miles, 
hauling four or five standard freight 
cars. 

The weight of this locomotive is 
60,000 pounds; the cylinders are 11 
and 22 inches in diameter, with a 
common stroke of 18 inches. The 
tractive force is 10,000 pounds. The 
regulating valve is set to maintain a 
uniform pressure of 250 pounds at 
the throttle. 
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COMPRESSED AIR TRACTION IN BRITISH 
COAL MINES 

The following is a comparatively brief ab- 
stract of an interesting article by Axel Sablin 
in the Iron and Coal Trades Review. 

According to this writer the adoption ot 
compressed air traction in British coal mine- 
is quite recent, but the improvements have fol- 
lowed each other with great rapidity, three 
periods of development being specifically 
noted. The first compressor-. loop, were de- 
signed for about 1500 lb. pressure. The loco- 
motives had single stage cylinders, their tank 
pressures were about 750 lb. and the working 
pressure 150 lb. The reducing valve was one 
of the specially weak points of these machine.-. 
Not more than 4000 yards could be traversed 
with load without recharging and the cost per 
ton mile was too high to compete with electric 
traction. 

By 1010. which is noted a- the beginning of 
the second period, four-stage compressors 
worked up to 2250 lb. The pipes conveying 
the high pressure air were as small as possible, 
often I % in., steel flasks were inserted in the 
line for storage and drainage. The locomo- 
tives had three or four tanks which would 
store the air at nearly full delivery pressure, 
and reliable reducing valves maintained a 
constant working pressure of 270 lb. The 
cylinders were compound with an atmospheric 


reheater between the high and the low pres- 
sure. The exhaust from the low pressure cyl- 
inders escaped through a nozzle arranged as 
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COMPOUND AND TRIPLE-EXPANSION COM- 
PRESSED AIR LOCOMOTIVES. 

The competition of. internal combustion luoonmt ives 
for underground working has keen sj keen that the toin- 
pres.scd air locomotive appeared likely to be wholly super- 
seded, but tins desirable competition has so stimulated the 
inventive abilities of compressed air locomotive designers 
that they have quite recently introduced improvements 
which have resulted in the reinstatement of the air loco- 
motive in important mines. This interesting develop- 
ment in underground traction has been discussed at 
some length by Mr. M. L. Dehey in the “Annals des Minos 
do Belgique.** 

Very often — particularly in Belgian mines — a low first 
cost has to be preferred to low' operating ousts, ami the 
petrol motor under such circumstances has a great advan- 
tage, since it is independent of a compression plant. 
But, unfortunately for the “petrol” motor, the. price of 
fuel is continually increasing. In April, Hi 10, the price 
of benzine was 18f. per 100 kilos. (£7 Os. Gd. per t on), and in 
July, 1912, it was 37f. (£15 Is. 2d. per t on). The price thus 
more than doubled in two years, and there is good reason to 
believe that it will still rise by reason of the. ever-increasing 
demands being made for liquid fuel. Since I bid the 
makers of compressed air locomotives have introduced 
very important improvements by which the consumption 
of compressed air has been reduced by the very consider- 
able difference of from 50 to GO per cent.; first of all, by 
means of compound expansion, and more recently, by 
means of triple-expansion working. The price per ton- 
kilomctre with twin-cylinder compressed air locomotives 
at the Flenu Collieries two years ago was 18 centimes, 
and if the same plant had, just before the war, been worked 
by triple-expansion locomotives the price pur ton-kiln- 
metro would certainly have been less than 12 centimes. 

But almost more important than the. economy of opera- 
tion by compounding is the extension of the radios ot 
action after charging. The potential speed is also made 
greater by these recent improvements, and heavier trains 
can now be run per ton of engine weight. The speed of 
the benzine engine is normally 2 m. per second (4.5 miles 
per hour), and it cannot, he modified because I he explosion 
motors run at a constant number of revolutions. This 
speed is usually selected because it is t he maximum admis- 
sible on curves or crossings ; it might be made considerably 
more for straight roads and, above all, in ascending inclines 
where derailments never occur. The mine authorities 
will not, however, permit higher speed with benzine loc o- 
motives, because a derailment at higher speed might cause 
a burst in the petrol tank and perhaps fire the mine. Tin* 
speed of 4 A miles per hour is therefore not exceeded, 
although nothing bars a higher speed with a .suitable 
motor. 

With compressed air locomotives the conditions art' 
entirely different, as these engines are found to he as 
flexible in operation as strain locomotives; their speed 
can be varied to any extent, and with a good installation 
it may reach 4 m. per second (0 miles per hour) on the 
average. The driver runs with full admission on the hills, 
reduces the speed to a nicety for the curves, and can 
stop the train dead by reversing the engine. If a derail- 
ment occurs at full speed there uro no very serious secondary 
consequences. 

In actual working under the same conditions of opera! mg 
the compressed air locomotive completes its trip in loss 
time than petrol motors. Tho latter an; generally of 
12 horse -power, able to haul trains of forty wagons. To 
use greater power than this would be a disadvantage, 
because the consumption of benzine becomes excessive 
when working with light loads. On the contrary, the 
compound compressed air engines run economically what - 
ever the degree of admission ; hence it is economical to 
use IS horse-power nominal compressed air engines which 
can easily develop up to .‘10 and 35 horse-power, in 
descending inclines tho degree of admission is very low. 
The engines weigh G tons and haul fifty to sixty wagons 
without, difficulty, sand being used to increase t he adhesion 


iii id to enable tin- engine to exert its maximum tractive 
ettori in planes when* the rails are damp. 

Bur these reasons I he eompressed air engines are found 
to make a considerably greater ton-mileage than f he 
benzine motors. It is rare that the explosion engine is 
able to average more than 250 tcm-kilomet res (15G Ion- 
miles) per shift of eight- hours ; while 350 t on-kilometres 
{220 Ion-miles) per shift of eight hours are constantly 
obtained with compound compressed air engines. The 
coal output is variable during the different hours of the 
duv, ami the variat ion is accent uated by the reduel ion in 
the working hours. The compound compressed air 
engines, being very supple, adapt themselves much more 
readily to tin- variations of loading— -precisely as occurs 
with compound strain locomotives — and during the hours 
of heavy outputs they haul very long trains, and with such 
a j mi mi iulity for speed that capable drivers profit by it so 

to make the runs on the shiniest time schedule. 

Taking into cm .^iderut iuii all factors, the conclusions 
arn\.-d at are that at the present time the benzine motor 
mi n! -, i h 1 * j tivli ii -mv f.>r tin* baulage operations of small 
r. , 1,(1 j !.-■ whfj-e fiuiii two to three locotuo! i ves at- most 
i ; : - f« *r the t ra> lion and where the first cost s of lust alia - 
t mo mu-! I.o ki pi luu . Where there is a larger railway 
.-a.-i.-m to he dcali with. and costs of installation are of 
iem importance, then compressed air is indicated. 

Bv uiik-ing the exhaust steam from stationary engines 
tin- (-.impressed air for locomotives is produced very 
i la . . By Htili-dng t hi-. waste steam for compressing 
the aii the co.-a per t on-k iioimf re is only about G (tent imes 
(about Id. per mu mil*-) in the ‘ ’ j )eut sober Kaiser” Col- 
lie r i e-. , when- there are a dozen compressed air locomo- 
tives in service during the two shifts per day. 



^^iininp; Engineers’ Handbook l?l3 f 1927 
by Robert Feele 

27. Compressed-air Locomotives (3) 

Field of work. This type of locomotive is adapted to all mines having com- 
pressed-air plant, and especially to gassy collieries or dry, timbered mines, in 
which electric or fuel-burning machines might be dangerous. Advantages: 
since the power is stored in the locomotive itself, it can operate wherever track 
is laid, returning at intervals to charging station; no trolley wires, with their 
attendant danger, are needed; no power consumed when the locomotive is idle; 
the exhaust tends to aid ventilation; power, greatly in excess of the average, is 
obtainable by temporarily using full tank press in the cylinders (3). But electric 
locos are generally more economical in running cost, if electric power is already 
installed for other service. For any given case, local conditions must be analyzed; 
data aiding in making choice are obtainable on request from H. K. Porter Co, 
Pittsburgh. 

General construction. There are 1 or 2 storage tanks, which, with piping, 
etc, are carried on a frame mounted on 4 or 6 driving wheels. The cyls are 
usually simple, sometimes compound. The high-press air of the storage tanks 
passes into a small auxiliary tank, where it is reduced to proper working press, 
before going to the cyls. 

Air pressure in storage tanks, 700 to 1 200 lb. Cyl press: simple engine, 1 25-1 50 3b; 
compound engine, 200-250 lb. Intermediate press for compound cyls, 50-60 lb. Take 
capacity, for hauls of i to 1.5 mile, 50-150 cu ft. For long hauls, it is better to increase 
press, rather than si zt of tanks. 

Reheating (.Art 16) restores beat lost in reducing press to that of the auxiliary tank; 
jt is essential for compound cyls, the temp of exhaust from high-press cyi being far below 
freeing. Fig 63 shows the H. K. Porter Co’s lvterhrater for compound 
locomotives. Between the cyls is a shell filled with small tubes, through which the 
..var-r atmospheric air is drawn by the ejector action of the low-press exhaust. 
Nearly all the heat lost in the high-press cyl is thus restored, expanding the air about 
36%. It is claimed that the use of the interbeater effects a reduction of about 30% in 


*•*> rjT, 



size of compressors and boilers, and in power costs, and of about 15% in first cost of 
instillation; or an increase of about 30% in length of haul on 1 charge of air. 

Id gaseous mines a simple method of reheating is to inject into the auxiliary tank 
steam or hot water each tune the locomotive is charged. In non-gaseous mines, a small 
oil or coke- burning furnace is used. 


Table 69. Compressed-air Haulage Plants 



* 

Tanks 

5 

0 

Cyls 

Locos 

Cars, wt 

'5 

0 

-o 

0. 
j s’C 

time 

Location 

> 

0 

c 

0 

j 

a 

0. 

3 

1 

c. 

< 

w 

C 

0 

? 

Diam 

Stroke 

Height 1 
Length 1ft 

Width J 

Empty 

Load 

c 

i 

a 

O 

C 

M 

a 

2 

s § 
“£ 
. 

O 


ton 

CU ft 

lb 

lb 

in in 


lb 

rJL 


% 

A 

sec 

Buck Mr, Pa (0).. 

~ 

130 

550 


7X14 

5.3X19X ~ 

3400 

7000 

12 

4-5 

SiocJ 

800c 


Glen Lyon. Pa. . 


iy> 


160 

7X14 


2800 

7000 

12-20 

2.8{ 

V 










Grass Val, Cal . . . 



500 



4 3X5X2. 5 











. 





Vivian. W Va (6) . 

5 


500 

125 

5XICH 

4 SXo.sXS-S 

8500 

6 

2 5 

9000 

20 

P & R Coal &Ir(c) 

•• u> 







3300135C0J 

15-38 

0.8 

5200 

03 



600 

180 




.... 

4-10 

5 5 

320c 











II 


600 

_ >rvN 


6.5X14X6.3 










• 






Wilson Coll’y (e) ■ 


160 

600 

125 

9X14 



30 

1.0 

9000 

85 






Butte, Mont (/).. . 

5 

47 

550 

125 

sxic 

5XICMX5 

3450 

6 

0+ 


6d 










f 

I coo 

1 ■ 

. , 1, . 

f =: 

218 

750 

150 

12x18 

l 




... 


.. 


\I3 

13 2 



s-pau 

J 




1 

7000 

f 




5X10.5X3.3 



















1 

1200 

1 


Norway, Mich — 

7 


700 

140 

7X12 

5-2X12X4-2 

1S00 

ISOO 

20 

... 

to 

45 













( 

4000 



Notes: (a) 1 loco delivered 150 cars in 10 hr. formerly requiring 10 mules. Aver 
cost per ton- mile; by air, gross, 1-875 act, 3-77 i\ by mule, gross, 3-94^; net, 7-9 2 ** 
(i) Cost of locomotive, $r 800. Max speed. 10 to 12 miles per hr. Capac of main stor- 
age tank, 47 cu ft at 535 ib press. Press in pipe line, 735 lb. (e) See “Cost of Plant ” (3}. i 
Cost for 1 80 days per year; daily operating cost, $14-69; 6*ed charges @ 10% and cost of 
steam power, $9 per day; cost per day per car for 666 cars. 3.61* (previous cost by mule, 5.K 
per day per car), (d) Locos are 4-cyl compound. 5 and 8 by 12 in. (*) Pipe-line press. 700 
Ib; air reheated. Cost per gross ton-mile, (/) 2 round trips per charge on cold air; 

3 on reheated air. (g) Locos have detachable rear end, to permit loading on to a 9-ft cage. 

Tractive force of compressed-air locomotives may be found by T — ( D ■ X L 
X 0.98 P) -f* d: where T - tractive force, lb; D =» diam of piston, in; L «= stroke, 
in; P - initial press, lb; 0.98 P — effective cyl press; d - diam driving wheels, 


Table 70. Compound Compressed-air Locomotives (H. K. PorterCo! 



1 Cylinders, in 


Ac 

• ^ 



1 

t - 


j L u 

I 





x 

XZ P 

1 : r. - 


c 


5 ~ 

; i - 

i 2 ■— 

Class 

E - 
5 r 

! i* 

0 

J* 

0 

"H - 

V L. T 

: w 3 5 ? 

35 - 

.X 0 

J 

Hx - 

c d 


3 0 

: bi _ > 

1 2 


!^.C 

5 

Cn 


> - 
0 


S 0 


r~ *- 

£ 

it 

B-P-0 

4-5 

9 

10 

2 9 

ua 

12 M 

(a) 


! 7 coo 

10000 

} 1450 

16 

12 






fl° Cl 

I 4 H 


) 3 ° 

ICOOO 

) 

16 



55 

11 

10 

2 9 

il 2 6 / 

Iff? 

1 75 

13000 

> 220c 

12 





/3 0 

12 Cl 


(a) 

f 60 

14000 

1 




6 

12 

12 

(4 0 

is 6/ 

15 

I104 

17000 

j 3000 

20 

IS 







I6H 


f 60 

18000 





7 

14 

14 

4 0 

I18 6/ 

u> 

\ 1 20 

22000’/ 4400 

30 

20 

P-B 

4-5 

9 

10 

2 9 

r 9 Cl 
112 6 / 

I2li 

8 0 

/ *> 
1 60 

5000 

IOOOOJ 

} 1450 

l6 

12 






no 01 

14 H 

8 6 

/ 3 = 


1 

l6 



5 5 

11 

10 

2 9 

{12 6/ 

( 75 

I300CH 

> 2200 

12 






(12 Cl 



f 60 

14000! 





6 

12 

12 

3 0 

(15 6/ 

IS 


1104 

17000) 

j 3000 

25 

15 






/ 12 6) 

mi 


/ «0 

iSoooj 





7 

14 

14 

4 0 

I18 6/ 

9 0 

1 120 

22000 

J 4400 

30 

20 ! 

B-PP-0 

7 

14 

u 

4 0 

ru 0, 

I20 C / 

16H 

fs 0 
L5 10 

97 

i6o(<) 

2000c 

270001 

[ 4400 

30 

16 1 

•* 

8.5 

I 3 &I 2 

14 

4 6 

O 

16M 


rii 4 

Uiofc) 

2&000-' 

36000J 

! 6400 

40 

18 , 


S *5 

14&14 

14 

4 6 

O 

IS 

•* 

fi6o 

1 ^ 75 (c) 

32000I 

420001 

| 8coo 

45 

- ! 

1 

IC 

14&24 

14 

5 0 

£0} 

18 

f 5 5 

Is 10 

160 

290(c) 

43000!) 

46000,/ 9 °°° 

50 

25 1 

B-PP 

8.5 

17 

16 

5 6 

P °\ 

U8 0/ 

I 6 J -1 

10 0 

fH 4 

UiO^d) 

2800c, 

360001 

1 6400 

- 

40 

30 ; 




18 

5 6 

/ 18 01 

.8 


fi6o 

32000, 





9 5 

19 

(210) 

II c 

l29o(ifi 

42000 

7500 

45 

30 1 


11 

22 

18 

5 9 

es 

25 H 

12 c 

(■260 
1375 (<f) 

55000 ] 

600001 

r 10000 

55 

40 

•• 

13 

26 

24 

6 6 

£0} 

29H 

•• 

{•• 

69000 

73000 

■14500 

65 

50 

“ 

15 

30 

24 

6 6 

{*0} 

33 

" 

{- 

95000 

100000 

19500 

80 

50 

C-PP 

7 

14 

u 

5 6 

£3 

i6H 

rs 0 
I5 ic 

97 

160(c) 

20000) 

27000 

■ 4400 

25 

30 

•• 

8.5 

I 2 &I 2 

u 

5 6 

a 

16H 

•• 

fU 4 

[210(c) 

28000 

36000I 

6400 

3 » 

33 


9-5 

14&14 

14 

5 6 

a 

18 

“ 

/160 

I 27 s(c) 

32000 

42000 

8000 

35 

33 

" 

10 

u&u 

u 

5 6 

£oi 

18 

“ 

160 

1290(c) 

43000 

46000 

9200 

40 

50 


(<») Depends on gage. ( b ) Radius advised, 25-50% greater, (c) 3 tanks, (d) a or j 
tanks. Main tanks are built for press of 700 or 1 200 lb; auxiliary tank press for all, 350 
lb. Tenders accompany locoe, if space is limited; useful for long hauls. 


in (3). For compound cyls, the effective cyl press is taken as 0.85 P,P being 
actually the difference between the initial press in high- and low-press cyls; 
and it may be assumed that there are either 2 low-pressor 2 high-press cyls, as 
the same power is generated in both. 


Charging compressors {Art 4) (3) are 3 or 4-stage, to divide the work of compressing 
to high tension between several cyls, for more efficient cooling. Also, with high press, 
care must be taken to keep valves and pistons tight, to use only a small quantity of high 
fire-test lubricating oil, and to insure that the cooling water runs freely and fill* every 
jacket and intercooler whenever the compressor is running. It is well to provide the 
compressor with a fusible plug, which will melt in case of excessive temp, aid warn the 
engineer to abut down and remove the cause of trouble. 

Pipe lines and charging stations. With short hauls no pipe line is re- 
quired, the locomotives being charged at the receiver. On long hauls, one or 
more charging stations are necessary. 


Union Sleeve , 


The pipe line supplies added storage capacity. Storage capacity and press of pipe line 
to produce a given press in kcomotive tanks, are determined by V (P — f) » » ip—p'), in 
which, V - storage vol required, cu ft; « « voi of locomotive tanks, cu ft; P — pipe- 
line press, Ib per sq in; p - desired press in loco- 
motive tanks, lb per sq in; p > — residual press 
in locomotive tanks, just before charging, Ib 
per sq in. 

Pipe lines are usually 3 to 6- in, kp-welded, 
with calked sleeve joints. Charging station 
consists of a heavy tee, set in the main line, 
with a pipe containing one or more bail and 
socket joints, for connecting with locomotive 
tank (Fig «). Charging time is from say 0.5 
to 1.3 min (Table 69). 

Operating data of compressed-air locomo- 
tives in collieries near Ems. Westphalia. The 
work is equivalent to about 262 ton-miles per 
8- hr shift, haulage distance ranging from 3 295 
to 4 59o ft. An 85-hp 3 -stage compressor sup- 
plies 1 59 cu ft free air per min at 1 500 lb press. 

After compression, the air goes to a 35-cu ft re- 
ceiver, and thence 897 ft down the shaft in a 

I.s-m pipe. In the levels, 3 other 35-0. ft Fig M Charging Station, H. X. Potter Co 
receivers are placed equidistant, for charging ^ 

stations. In charging, reducing valves give a locomotive tank press of 750 lb. Locomo- 
tive storage tanks have 57 ca ft ca p acity, corresponding, at 750 lb, to 3 910 ft free air. In 
a small auxiliary tank the press is reduced to 1 50 lb for the cylinders- The locomotive has 
4 19.5-in driving wheels; total wt 5-5 tons. Normal power is 8 to 12 bp; max, 24 bp; haul- 
ing capacity, 40 to 50 loaded cars, weighing 2 180 lb gross each, on an up-grade of 1 in 300 a! a 
speed of 5.6 miles per hr. Actual running time pes 8* hr shift for 3 locomotives was 313 min, 
642 min being consumed in shunting and stoppages. 

For costs and operating data of a number of plants, see Peele’s Compressed Air Plant, 
4th edn, 1925, Chap 26. 
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From 1875 to 1895 may be called the experimental period of 
the compressed-air locomotive. Ten or twelve were built during 
this twenty-year period and were installed by operators who desired 
a haulago system that would eliminate fire risk, be free from the 
dangers of electric wires, and be comparatively safe in a gassy 
mine. In construction compressed-air locomotives differ from steam 
engines mainly in having, instead of a steam boiler, a large storage 
tank which can be charged with air at a pressure of from GOO to 
1000 pounds per square inch, and a reducing valve set to supply air 
to the cylinders at a constant pressure of 150 pounds. From 1895 
to 1908 great improvements in design and manufacture were made, 
and several hundred locomotives were furnished to mining companies. 

In 1908 tlie first two-stage compressed-air locomotive was put 
upon the market and, in the three years succeeding, over 100 were 
built.* 

According to the H. K. Porter Company of Pittsburgh, Penn- 
sylvania, there were in 1921 no compressed-air locomotives operating 
in the coal mines of the Mississippi Valley, but in the mines of 
.Western Pennsylvania and West Virginia the total number was 
about 150. 

There are two great advantages of compressed-air locomotives : 
first, they are comparatively safe for use in gassy mines, and 
second, they require neither trolley wire nor rail bonding. 

On the other hand they are bulky, and their radius of operation 
is limited by their air-storage capacity. However, in mines having 
ample cross-section of the entries this is not serious as tanks of a 
capacity sufficient for a run of several miles may be used. 
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TfT cfee*-r's o*~-J 

Translated from the German by 

Compressed Air Locomotives, Old and New 

The concept of using atmospheric air in a compressed 
state as a motive source for locomotives had already emerged 
by 1870. According to the status of the technology at the time 
they were built like steam locomotives and equipped with existing 
cylindrical tanks, in the way they find employment today as fire- 
less locomotives. The tanks provided for the admission of about 
6-10 cubic meters (212-353 cubic feet) of compressed air at 12 
atmospheres (162 psig), which was reduced before entry of the 
air into the cylinder by means of a special reducing valve to 
4 atmospheres (44 psi). The driving range of such locomotives 
was naturally very short, so they went gradually to higher pres- 
sures, at first up to 30-50 atmospheres (426-720 psi). But ri- 
veted tanks were still being used in the case mentioned, although 
of smaller diameter, and in fact depending on the size of the 
locomotive, one or two or more in varying sizes were used. The 
engine cylinders were duplex with a working pressure of 12 atmos- 
pheres (162 psi) and cutoff at 30-70% of the piston’s stroke. 

So as to prevent the excessive air-cooling accompanying the pres- 
sure drop from 50 to 12 atmospheres (720-162 psi), and since they 
feared that at the short cutoffs the slide valves and pistons 
could eventually freeze, the locomotives were equipped with spe- 
cial hot water tank3, through which the air was conveyed on the 
way to the cylinder’s intake pipes. The tanks had to be filled 
quite often with hot water, which led to disagreeable interrup- 
tions. Later, as in the case of the fireless locomotives, steam 
present in the tank at 12-18 atmospheres (162-250 psi) was injec- 
ted into the air, whereby a longer reheating of the air was at- 
tained. 

In this form the compressed air locomotive was used in 
mining and in switching yards. Later, after smaller diameter 
tanks for higher pressures, pressed according to the seamless 
process, could be procured, the locomotives were equipped with 
a greater number of these tanks and the pressure was increased 
to 80-100 atmospheres (1161-1455 psi). Reheating of the air 
cooled off by pressure reduction also took place in the way just 
shown, in fact they even built a tank with a separate burner 
within like a small boiler. The cylinders were sometimes duplex; 
by this time they sometimes were also using compound engines. 
These also were used with cutoffs from 30-70% of the piston’s 
stroke. The area of application of these locomotives extended 
only to railways which served the public traffic, for example, 
street and suburban railways in the larger cities such as Paris 
and New York. For longer main stretches of railway, however, 
compressed air locomotives weren't considered, since the more 
frequent refilling of the air and hot water tanks didn’t permit 
smooth operation; an operation of this kind also became too ex- 
pensive. In the switching yard and on street and suburban rail- 
ways the compressed air locomotive also had no long lifespan; 
it was soon displaced by the introduction of the electric loco- 
motive. 



While in A" 1 * 1 * 11 : 3 the compressed air locomotive found 
application in coal raining in greater numbers, it could find next 

tivp°r*ifl^= UCt R° n ^ n u ining in Germany for many administra- 

tive reasons. Besides the horse, which gradually became unable 

increasin g Production, it was cable haulage and electric 
locomotives, as well as gasoline locomotives, that exclusively 
ruled the haulage industry. Furthermore, the compressed air lo- 
comotive in its design at the time was still relatively imperfect, 
so that one wouldn't expect a particular advantage from this me- 

But th f uni 9ueness of compressed air helped 
it yet to find its eventual success; completely special, when it 
was improved and perfected. While electric locomotives with 

3 ? on got themselves into accidents through' contact 
with the drive-wire, the electric locomotives as well as the 
gasoline locomotives deteriorated the air, especially in the 
close spaces, which have less contact with wind currents. Even- 
tually it was because of the inevitable formation of sparks by 

4 u° V r rhead Wire locomotives and the possibility of explosion 
with the gasoline locomotives that the threat of fire-damp had 
to be acknowledged as the greatest danger for the miner. Since 
with the compressed air locomotive these kinds of dangers to the 
miner are impossibie, it serves even in the aforementioned badly- 
ventilated close stretches because of the improvement of the 
mine air by the locomotive exhaust. The mining industry immedi- 
ately recognized this advantage and so finally took the compressed 
air iocomotive for itself, to meet this important demand. Mean- 
while, the compressed air locomotive had undergone further improve- 
ments, after they had produced the air tank according to the seam- 
less method with stronger walls for higher pressures of over 200 
atmospheres (2925 psi), and moreover they had been able to en- 
train the warm mine air for the reheating of the cooled-off com- 
pressed air before intake into the cylinder. They also abandoned 
the duplex engine and went exclusively toward the compound engine, 
pie reheating of the air with the warm mine air before intake into 
both the high- and the low-pressure cylinders sufficed perfectly 
even for longer trips, with shorter cutoffs, without having to 
fear freezing-up of the slide valves and pistons. 

, Th© firm of A. Borsig, Berlin-Tegel, employed itself for 
more than 13 years with the building of compressed air locomotives 
tor the coal haulage industry and also for tunnel building. The 
initially chosen design, with the machinery and power cylinders 
situated within the chassis, was very soon abandoned because of 
the inaccessibility and difficulty in seeing. The experience in 
raining operations gathered up to this point showed that for the 
extraordinarily rough haulage work, an extremely powerful and 
substantial locomotive of simple construction was called for 
which was well-built in its particular parts and provided overall 
good accessibility, and so came to be the compressed air loco- 
motive shown in Figure 1. (Editor's note: here is omitted a dis- 
cussion of the advantages of mining locomotives that have two 
driver’ 3 seats over those that have only one.) 

The horse, which earlier served exclusively for the trans- 
port of coal underground, and even of late, till the outbreak of 
the war, found employment in the close stretches for the fetching 
of the transport cart, was eventually displaced by the so-called 
feeder locomotive, Figure 3. 



With all locomotives the emphasis is placed on solid, 
powerful design and good construction according to the rules of 
steam locomotive building. The heavy A. Borsig compressed air 
locomotives have the great advantage that they don’t go into a 
skid on the unavoidably slippery haulage tracks and they also 
withstand rough haulage operations far better than lighter-built 
locomotives. In reference to the cylinder measurements and the 
controls, the locomotives are so perfected that they guarantee a 
very trifling air consumption. Test runs undertaken have shown 
that the air consumption of the Borsig compressed air locomotives, 
related to the ton-kilometer, amounted to .6-. 7 cubic meters. 

There are currently about 200 units of varying design of 
the described compressed air locomotives in cue Rheinisch-West- 
falischen coal field. The remarkable advantages of the compressed 
air locomotive have also brought about its further dispersion 
and so Borsig compressed air locomotives are also in operation 
in the South German coal field Hausham, and also recently a num- 
ber of two- driver- seat locomotives were delivered to an ober- 
sclesische (Tmeaning unknown) coal mine. 

Modern five-stage compressors serve for the production 
of the high-tension compressed air of 200 atmospheres (2925 psi), 
see Figure 4. The high tension compressed air is conveyed by the 
compressors into an air accumulator, see Figure 5, and from there 
to the filling station, Figure 6. 

Locomotives of considerably larger si 2 e are used for tun- 
nelbuilding. Figure 7 shows a two-axle locomotive which serves 
to advance the broken-out rock to the front part of the tunnel 
behind the already completed part of the tunnel, from where the 
carts are brought outdoors by the heavy locomotives, Figure B. 
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Druckluft-Lokomotiven alterer und neuerer Bauart. 


Gedanke. die atmosph.arische Luff in zusammengeprefitem Zustande 
ils Treibmittel 'lur Lokomotiven zu verwenden, tauchte bereits in den 
70er Ja-bren des vorigen Jahrhunderts auf. Nach dem damaligen 
Stande der Technik wurden die ersten Lokomotiven ahnlich den Dampf- 
Lokomotiven gebaut und mit' gewohnliehen walzenformigen Behaltem ausgeriistet, 
wie sie heute bei feuerlosen Lokomotiven Yerwendimg findeu. Die Behalter dienten 
znr Aui'nahme von etwa 6 — 10 cbm Dracklnft von 12 Atm. Ueberdruck, der vor Ein- 
trittder Luft in die Zylinder durcli ein besonderes Druckverminderungsventil a.uf 
4 Atm. Ueberdruck verringert wurde. Der Arbeitsbereicb derartiger Lokomotiven 




Abb.'l. , • . •. - • ''-Abb. 2. 


war natiirlieh. sehr gering .und man ging daher, allmahiich zu hoheren ‘Driicken, biisj 
zunachst 30 — 50 Atm. Ueberdruck iiber. Es wurden aber auch tbierbci -nocb ge^j 
niefele Bebaltcr, wie erwahnt venvendet, jedoch yon geringeren Durchmessern, uud 
zwar je nach deT'GroBe 4er Lokomotive einer V oder zwei, oder . mehrere in very 
schiedenen Abmessungen. Die Zylinder arbeiteten in Zwillingswirkung mit 12 Atm. 
Ueberdruck und Fullungen von , 70— 30 vom Hundert des Kolbenweges. Um eiher. 
allzu etarken Abkuhlung der Luft beim Yerminderh des Druckes’von 50 auf 12 Atm.' 
Ueberdruck zu begegnen. yfnd da man befurchtete,: daB Jbei den; kleinen 'Zjdinder- 
fiillnngen schlie’Blich eine Yerei sung « der "■ Schseber . und -Kolben-, eintrete'n. konnte, 
wurden die Lokomotiven mit besonderen HeiBw asserbehalbetir ausgeriistet. durch 
die die zu den Zylindern fuhrenden B-ohre bzw. die -Luft geleitet wurden. Die Behalter 
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ni'u’Btcn sehr oft mit beiBem "Wasser aulgelullt werden. was zru unliebsamen Beiriebs- 
storungen fiihrte. Spater witorde. wie l>ei feuerlosen Lokomotiven, zu dem im Behai ter 
be find lichen Wa-sser Dampf von 12 — 18 Atm. Spannung geleitet-. wodurch eine 
langere Wiedererwarmung dor Luff erreioht wurde. 

In bb'eser Form ist die Druckluft-Lokomotive fur den Bergbau und den 
Yersehiebebetrieb verwendet worden. Spater, naohdein Behalter von kleineren 
Durehmessern ftix hoheren Drink nach deni nahtlosen Yerfahren gepre'fit. bzw. ge- ; 
zogen werden konnlen. wurden die Lokomotiven mit einer groBeren Airzahl der- 
arhger Bebalter ausgerustet und aucb dei Luftdruc-k bis auf 80 — 100 Atm.*Ueber- 
druek gesleigert. Die Wiedererwarmung der beim Druckvermindern abgekuhlteh 
Luft erfolgte aueh bei diesen Lokomotiven in der bereits geschilderten Y else, ja 
man baute sogar Behalter init besonderer Feuerung, also kleine Dampfkessel ein.j 
Die Zylinder arbeiteten toils in Zwiiling-wirkung. znm Toil wendete man aucb set) on 



Abb. 3. Abb. 4. 



die Yerbund-Bauart an. wobei 
eben falls mit Fullungen von 70 
bis 30 vom Hundert des Kolben- 
weges gefahren wurde. Das 
Venvendungsgebiet- dieser Loko- 
motiven erstreckte sich aus- 
sehlieBlich auf Bahnen. die dem 
offentlichen Yerkebr dienten, zum 
Beispiel StraBen- und Yorort- 
bahnen groBerer Stiidte, wie Paris 
und New York. Fur .langere 
Hauptbahnstrecken kamen Druck- 
luft-Lokomotiven jedoch niebt in 
Frage, da das of'tere Aufftillen 
der Luft uud der HeiBwasser- 


behiilter einen glatten Betrieb niebt ermbglichte und ein derartiger Betrieb aucb zu 
teuer wurde. Aucb im Verschiebebetrieb und auf StraBen- und Vorortbahnen liatte 
die Druckluft-Lokomotive keine lange Lebensdauer; sie wurde sehr bald dureh die 
Einfubrung der elektriscben Lokomotiven verdrangt. 

Wahrend in . Amerika die Druckluft-Lokomotive im Kohlenbergbau in! 
groBer Anzahl Yerwendung faml, konnte sie in Deutschland aus vielen betrieb-! 
lichen Griinden im Kbhlenforderbetrieb zunachst. keinen Ein gang finden. Neben dem! 
Pferd, das allmahlich dem gesteigerten Betriebe niebt mebr entsprach, .waren" es 
die Seilforderung. die elektriisehen. Lokomotiven. srnvie die Benzin- und- Benzol - 
Lokomotiven. die ausschlieBlkdi' den Fordferbetrieb beberrsehten/ AuBerdem war 
die Druckluft-Lokomotive in ibrer damalige-n Bauart -noch verhaltnismaBig unvoll- 
kommen, so da'B man sich ;einen- besorrderen Yorteil von diesem Fordermittel nieht 
yersprach. Aber die. 'Eigen-art der' Druckluft-Lokomotive verhalf ihr schlieBlieb 
doch zum Siege, ganz besonders, naebdem sie* verbessert und vervollkommnet war. 
Bei elektriscben Lokomotiven mit Oberleitung stellten sdeb bald Unfalle dureb Be- 
riihren des Fabrdrahtes ein; die elektrische Akkumulatoren-Lokomotive sowohl, wie 


die Benzin- und Benzol-Lokomo- 
tive ■^rschleehterten die Luft 
besonders in den v Nebenstrecken, 
die vom Wetterstrom.. fweniger 
beriihrt werden. SchlieBlich '. 
war durcb die unvermeidliehe 
Funkenbildung der Oberleitungs- ' 
lokomotiven, bzw. die Explosions- 
nidglielikeit der Benzin- und 
Benzol-Lokornotiven die Schlug- 
wefctergefahr als grbBte Gefahr. 
fur den Bergmann nicht von 
der Hand zu weisen. Bei 
der Druckluft-Lokoinotive sind 
derartige Gefahren fiir den 
Bergmann ausgesehlossen. ja sie Abb. 6. / 

dient sugar in den erwaluiten schlocht bevvetterten Xebeiistrecken durch die aus- 
slroinende Lufi.der Verbe-sserung der Grubenluft. Pie Bergbaubetriebe erkaimien 
alsbald die Yorleile und so erobertc sich die Dnickluft-Lokomotive schiiefiheh dock 
dieses wichtige Gebiei. Inzwisehen hatte die Druckluft-Lokcmotive weitere \ er- 
besserungen erfahren, naelidem liia.n die Luft-be baiter nacjh deni nahtlosen A er- 
fabren mit sthrkereii Wandungen fiir bbliere Driieke von iiber 20t) Aim. Leberdruck 
herstelle'n und i'erner die warme Grubenluft zur Wiedererwarmung der sibgr kuhllon 
Pruekluft vor deni Einlritt in die Zylinder heranzieheu kornvte. Man verlieB aueb 
die Zwillingszyliuder und griff autssebliefilieh zur Verbund-Zylinder-Anordnung. 
Pie zweifache Wiedererwarmung der PrueUduft Vor de'm Eintrilt in den Hoeb- 
bzw. Xiederdruck-Zylinder durcb die warme Grubenluft geniigte vollkonimen. selbst 
bei langeren Falirten mit kleineren Zylinderfiillungen, . ohne eine Vereisung der 
Sehieber und Kolben befurcbten zu mussen. . • y' : 

Pie Firma A. Borsig. Berlin : Tegel, besehaftigt'' sich seit niebr als 
Id Jahren mit clean Bau von Pru ckl u ft -Lokom otiven fur den Tvohlenforderbeiricb 
und aueb fur den Tunnelbau. Die unfangs gewahlle Bauart. mit innerhalb des 





Abb. 7. Abb. 8 - 

Fabrgetsielles liegendem Triebwerk und Pit ferenzial-Zylindern wurde sebr bald 
wegen der Unzuganglichkeit und UniibeTsichtlichkeit verlase-en. Die bis dabin ge-j 
sammelten Erfahrungen im Bergbaubetriebe ergaben. claB fiir den auBeioidenllicl. 
raulien Forderbetrfeb eine auberst kraftige und scliwere Lokomotive einfaeber Bau- 
art, die in ibren Einzelteileu soTgfaltig durcligebildet und liberal! gui zugiinglicb 
ist, in Frage kam. und so entstand die in Abbildung 1 dargestellie PrueV- 
luft-Lokomotive. A\ ah rend lusher alle Pruckluft-Lokomotnen nui nut einen. 

Fiihrersiiz versehen wurden, bat die Firma Borsig selion die ersten Lokomotiven 
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mit'z'vei Fiihrersitzen ausgertisl et-. da bei den verbWlnismaBig niedrigen und schmalcn 
Profilen der Fordersfrecken der Fiihrer nur daun die Strecke eiuwandfrei iiber- 
Wick-tn kann. wenn er in der Falirtriehtung die Lokomotive hi liter sich hat und 
liicht. wig bei der EinfiikrerGtz-Lokoniotivo in der einen Fahrtrichtung die Loko- 
motive vor sich. so dvffi er lieben der Lokomotive vorlitisehen lnuJi, ein Unistand, der 
ati Be idem eiiie Gei'alir fur den Fiihrer seihst in sich birgt. insofern. aL er sicb hie-rbei 
Ye riot 7.mi gen zuziehen kann. Die Doppeliiihrersilz-Anordnung 1st der Firnia Borsig 
geselzlich geschiiizt. Wiihrencl eine grofi-e Anzahl Zee-hen diesen _ Yorteil olme 
weittres anerkannte. inid sofort zur Ansehaffung von DoppeTi'iihrtrsitz-Lokoraotiveii 
sehrittj. sjjid._ aj!d£re__Zechen von der ursprunglielien Finfiihrersitz-Lok emotive 
nielil abeegaiigc-n. Die Firnia Bor fig l.iaut duller aueh Einiulirersitz-Lokomcdiven 
nach Abbildung 2. 

Das Pferd, welches friiher ausschlieBlich dem Kohleniraasport unter Tags 
diente, und aueh noch in letzter Zeit bis zum Ausbrurh dts Ivrieges in den Xeben- 
strecken zum FLerbeisehaffen der Forderwagen Yerwendung fand, wurde schlieBlichj 
torch -die sogenannte Zubringe-Lokoinotive, Abbilrlung 3 verdrangt.'v"~ - - — — -] 

Bei alien Lokomotiyen wird das Haupfcgewicht apf solide. krtlffigt Bauait 
und gute Konstmktion nac-h den-Regeln des DampflokomotiveBaues gelegt. LDie 
schweren Bbrsig-Druckluft-Lokomotiven hnben deii gr o'Sen Yorteil, da£ sie auf den 
unvermeidlieh scbllipfrigen Fordergleisen nicht ins Schle-udern geraten, und aueh 
sonst, dem rauben Forderbetrieb weit besser widerstehen als leichter gebaute Loko- 
motpen. “In bezug auf die Zylinder-Abmessungen unc^ die Steuerung- smd dieUoko- 
motiven so vervollkommnet, daB sie einyi sehr geringen - Luftverbrauch.- gewiihr- 
leisten. Vorgenommene VersucbsLakrten haben ergeben. daB sicb der LuftYerbrauch. 
-auf den Tonnenkilometer bezogen, bei den Borsig-Druckluft- Lokomotiven auf 
0.7 — 0*6 cbm beziffert. . 

Yon den bescbriebenen Druckluft - Lokomotiven s>ind; bis jetzt rund 
200 Stuck verschiedener Bauart iin Rheiniseh-Westfaliscben Kphtenrevier im Be- 


triebe. Die bemerkenswerten Yorziige der Dnickluft-Lokomotive baben aueh eine. 
weitere Yerbreitung derselben mit sich gebracht und so sind dfenn ancb Borsig- 
Druckluft-Lokomotiven im Siiddeutscben Koblenrevier Hausham -im Betriebe und 


neuerdings -wurde. aueh eine Anzabl Doppelfiibrersitz-Lokomotiyen an eine ©ber- 
-scblesiscbe Koblenzeohe -geliefert.' ~ ", ’ - 

; Zur Herstellung der hochgespannten Druckluft von ^OOrAtmb dienen be- 

-sondere - fiinfstufige moderne Kompressoren. -’na'cb ;-deF.:Abbildung' L 4; - ;Die . bqcb- 
gespannte Drnckluft wird durch die Kpmpressoren iii einen -Luftspeicher, -gemaB der 
-Abbildung 5 geleitet und von dortfan die' Fnllstelle:. Abbildungb6Y . 


t f - T -Fiir' deifcrTannelbau^ Tvierdeu-gLokomotiven . von erheblicb groBeren Ab- 
messungen verwendet. Abbildung - 7.-stellt eine "zweiaobsige Lokomotive dar, die 
dazu dient, dem Ausbruch beim Yorhrieb des Tunnels nach’ dem 'bereits ausgebauten 
Tunnelteil zu befordern, von wo aus die AVagen mit den schweren Lokomotiven nach 
Abbildung 8 ms Freie gebracht werddn. • • . .. _ 
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COMPRESSED AIR LOCOMOTIVES 

DEVELOPMENT — TYPES — WORKING PROCESS — WORKING PRESSURE — DESIGN 
AIR CONSUMPTION _ TUNNEL LOCOMOTIVES 

by Dipl. lug. Schulte, Esson-on-tlm-Kuhr. 

*T* llK reasons fur the ever increasing application of five was small that tlm machines had to be recharged 
I compressed air locomotives are more paiticularly at the beginning and at the end of each trip. The loco- 
the reliability of operation, simplicity, freedom of motive had to be charged before it started on its 

movement, independence journey with the empty 

truck-;, and had to be 
(barged again before it 
could r. turn with the laden 
ones. 1 bis meant that the 
compressed air piping lnd 
to bo installed right up to 
the end of the drive. The 
nest object, of the desig- 
ners lin-M'fore had to be to 
increase the range- of the 
machine to siudi an extent 
that one charge before eaUi 
trip was sufficient, so that 
the air piping had only to 
be installed in the shaft 
’I his lias been accomplished 
'barging pressure. When 
compressed air locomo- 
tive-- were fiist being used 
(IFIUi the charging 
pressure amounted only to 
30 ntms. In KM) this 
pressure was increased to 
00 atms.. one year later to 
100 fitms., and soon 
wen to lot) aims.; 
to-day the dunging pres- 
sure igod is even as 
high as 200 aims. As com- 
pared with a pressure of 
lot) a ties, tin storage capa- 
city and also the range of 
thereby been increased by 

■*%. at a working pressure of 


of temperature differences, 
the possibility of appli- 
cation in (in: damp mines, 
low construction, permitt- 
ing of travelling under- 
ground in very low and 
narrow drives, and tin; 
extreme simplicity of oper- 
ation. As compared with 
the electric locomotive, it 
lias tin advantage of being 
independent of the over- 
head trolley, and as 
distinct fnun the petrol 
locomotive, it does not 
v ititute the air underground, but on the contrary, impro 
es it. Tie- disadvantage of the compir-M d air l.uom 
five is that it requires a 
separate air .compressor 
plant and an extensive 
pipe system, and also that 
it must he recharged from 
time to time. 



Fig. 1. Mining Locomotive with one air tank. 
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DEVELOPMENT. 

As the application of 
compressed air locomo- 
tives increased, the design 
lias been perfected. The 
latter improvements had 
for their object, first of 
all. the extension of the, 
range of the locomotive, the reduction <,f tin- main- 
tenance cost, and the strengthening of the construction. 
The range of the older type of eompi t.-ssod fir h-conio- 
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Fig 


tributary locomotive with two air tanks. 

the locomotive have 
100 (2iU •— 17 1 
101 — 17 ' 



i(i aims, above atmospheric pressure. ADo f!,e caps- 
<'ity of the compressed air tanks on tin' locomotives b;ix 
been somewhat enlarge,], a0 ilia!, by the two measure" 
combined, the range lias been increased to about 
“•'* times that, of the .100 3 tins. loco. In actual practice 
the gain is even larger, because as a rule the full charg- 
ing pressure js never attained ami the pressure differ- 
f nee is comparatively greater at. a low pressure than with 
the higher one. The charging nresoue of Kill at, ms, was 
about siilTieii.nl t, for a range of twice (i gw. with 

: 'b truck* (empty going and full reluming), but without 
switching or shunting operations, if switching was 
required, the locomotive had to be charg'd 
Although the work expended for increasing the storage 
capacity is lost, this is of no consequence considering 
the advantages obtained l.«v the higher storage capacity. 



fig. A orkie.g proe-j) .« of a compound coniprc« ; ;ed air 
locomotive with intermediate heating. 

"• ", " Main air lank d VI, ".in *!irn!l!r valvr. r \ n l icitii ! in iirr-anr" 
r.-ilni-ir,,* valve, / I’iiar^inir valve, a .Safely vulv. I, Winl.ine tank. 
I Hiuh pressure cjlenter. I. Snl'etv vnli e. / Crelienier. - I an pie-sim- 
r.vlirnler. n 1 .'li.ei.-t nuanna inr-ni. n Kvkanrt. Winn minini; an- 
il i n n n in. 

With a charging pressure of 2"0 atns. this extra i x pru- 
ditnre in power as compared with a charging pressure of 
Iff) aftns. only amounts to abt, 15 jier emit, At 'he same 

working pressure of 10 a tins. {In' losses through thrott- 
ling with the 100 ntms.doco amount to 2!,:1 per emit, 
ami with (ho 200 atms.rloco to abt. 2!). I per <. ,-nl . These 
figures show flint notwithstanding the stronger throttling, 
by far the greater portion of the working capacity storm! 
up in the air, is converted into mechanical energy. 

TYPES OF DESIGN. 

The following- works, are among the formost repre- 
sentatives for the construction of compressed air locomo- 
tives: Berliner Masehinenban Ad!, vonn. B. Schwa rtz- 
kopft; A. Borsig, Berlin; Deutsche .Muse hiiunfabi ik Ad!. 
Work Miilhcim; Masclitnenfahrik Thyssen & Go. A.G, 
Miilheim-iin-the-Kidir; Maschincnfubrik Schwarz & 


D,\ rkerhoff, Midheim-on tlm-Ruhr. Following arc the 
principal dimensions of the compressed air locomotives 
manufactured )>y these firms. 


Maximum length between buffers . 

mm PMK) 

to 

IS- 10 

Maximum width 


Poll 


Dibit 

Heigh' above upper edge 'of rail 





according to number and di- 
mensions of the compressed air 
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Dill) 

Wheel base ■ 
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Diameter of high-pressure cylinder 


1 20 


125 

Diameter of low-pressure cylinder 


210 


2.50 

Stroke 




250 



.TOO 


fibO 

Normal output 

IIP 

15 


20 

Maximum output 
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kg 

N50 
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with the type. Most locomotive factories employ Mine- 
Dual sted frames, the walls of which are naturally 
lighter and thinner than those (if the c.a-t iom frames, 
exclusively used by Messrs, Borsig. The sfamlard loco- 
motive of Borsig is constructed with two driver's seats, 
one ai, either mid of the machine, whereas all (lie other 
locomotives only have one driver’s seat. For this reason 
die service weight, n| the Bersrg-l .ocomot I ve amounts to 
abt. 0.2 tons w herns the weight of those ef the other 
works fluctuates between b.,5 and K.b jons. A Imavv 
weight of the locomotive (-alls for imavv rails ami 
deeper*;. bn: a-.-ure-. positive starting' of the machine. 
With the' riveted, structural steel frames of the older types 
ol locomotives dm riveted joints became loose, which 

apart from other disadvantages, affected tin* winking of 

tlm wmtiol gear. The latest structural steel frames are 
no longer riveted hut, are, made in one piece. Although 
they have tlm advantage of lower weight, the ea.-t iron 
Borsi-jjf— frame has also given excellent satisfaction in 
mining work. No breakages have have taken place 
not hn itle-tanding the frequmit and inavoidable collisions, 
i he east, iion Iraiim lias tin' advantage that it, cat) neither 
h'-nd nor warp. For this reason the control gear will 
always work perfectly. The Borsig-jocninotive with d; 
two driver's scats affords the driver a clear field of vi.don 
in both directions, but, this arrangement increases tlm 
over all length of the machine, which is TOD to SOI) mm 
longer than the locomotives designed by the other firms. 
The arrangement of having the driver's seat at one end 
as made tty the other firms has so far not, proved a dis- 
advantage. The line, it, is. true, cannot be overlooked 
quite so well as if there is a scat at either end, but the 
vista may be said to be adequate. At is advisable to 
put a cover over the driver's seat as a protection against, 
falling rock. Tim arrangement, formerly adopted by 
Hud. Meyer. Miilhemi on the Ruhr (now Deutsche Ma- 
schinenfabrik A.-G.'t with a look-out lie,].- between tlm 
tanks bas hi on abandoned again as, owing to the strong 
draught move especially against the current of venti- 
lation. this was rather a disadvantage. With the latest 
patterns (be dii verbs cabin is only made of heavy cast- 
iron walls. It serves, at. the same time, for clearing the 



track and as a protection for the cylinders. Tin- lighter 
constructions of sheet iron have not proved satisfactory, 
owing to the frequent collisions. 

Most factories employ link motion oonivof for reasons 



Fig 1. Working process of a compound compressed air 
locomotive with preliminary and intermediate heating. 

a, r. (/ Main air tank, v Main tlncitlf' \«!\p, / I'tossim- uatuv<’. 

(/ I'n-saurr rr.lm’intf valvp. h s.ilfly uilvc, i \v ,>» k ih£ t>*nk, prrhputrr. 
/. Ununinjr valvo. / Air Miction \ aivo. in iiii;h |ir;*FMire rvlindoi. 
ri Lou pressure C'linder. << In.hiHioii pipe. p I ntei hi c > 1 inti' heater. 

7 Automatu' c lumpy- o ver valve. r Starting vnT\e. 

of s i in } > 1 i ei t y and cheapness. The obsrlimcnb.'iu A.-tJ. 
wnii. L. Fehw artzkopIT, which formerly employed 
the Ueusinger valve gear has now :ihu adopted the link 
motion near. 'Ihc link motion comes up to the rcipioe- 
lnents of mining service in respect, of simplicity hut it. F 
liable to failures because it cannot, follow the movement 
of the locomotive springs us readily as could he di sirni. 
The Hi usinger control has given good satisfaction for 
mining work, notwithstanding the moie complicated 
construction. The control gear and r\ Under « are invari- 
ably placed oil the outside owing to better artcessiliiiit \ 
and lubrication. Inferior control arrangements although 
they are better protected, have not been as satisfactory. 

WOKING PROCESS. 

The number of storage tanks is between t and !. 
'i'lie Maschiuenfabrik Tliysseu & Ho. builds one singe* 
tank with 1480 liters capacity, as shown in fig. 1. 
A. Horsig- makes standard locomotives with four tanks, 
ami tributary locomotives with two tanks (fig. ‘Ji. Tim 
other factories supply their locomotives as they are 
ordered with either three or four tanks. Tin* tanks are 
made of open-hearth steel by the seamless process and 
are closed at one end. \Yi,hb*d tanks are no longer 
admissible according to the police regulation regarding 
the traffic, with liquefied gases of the dml Ihvemher lift i. 
Particular care has born devoted to the thorough drain- 
age of the tanks because the water contained in humid 
compressed air is liable to rust the interior ef the tanks. 


As a protection against, rust the interior of the tanks 
should be coated with asphalt or other rustproof 
mall rial. 

Ail lactones take advantage of intermediate heating. 

Horsig ami Thyssen & Ho. moreover employ preheat- 
ing. T lie working process in a compound compressed 
air locomotive with intermediate heating is shown in 
lig. From 1 lie compressed air tanks of the locomotive 
the (onipres-wd air passes through the main throttle 
valve into the automatic pressure reducing valve under 
a pressure of lot! atm. where (lie pressure is reduced to 
He 17 a tins. Thence tlm air enters tin* working rr-eep- 
laele which fm ms a receiver. A safely valve is inserted 
between (lie latter and the pressure reducing valve. From 
this receiver the air passes through the operating valve 
inlo the high prcssuie cylinder and from there, after 
liaving pci formed its work, into the intermediate heater. 
This consists of a tank with a nest of lubes through 
which t lie hot. mining air is drawn, while the cold air. 
coining from the high pressure cylinder, pas-es over the 
tail sjde of the tubes and is heated by the process from 
the intermediate, heater. The air flows into the. low 
pri'.'Sitre ey limb r and from there into the, open. The 
exhaust pipe, at, the same time, serves as induction pipe 
for drawing the mining air into the intermediate heater. 
Fig. 1 shows the working process of a compound cmn- 
prer-sed air locomotive with preliminary and intermediate 
insiter (A. P.orsig and Thyssen & Ho.). In this ease the 
preliminary healer is inserted as working receptacle or 



Fig. b. Winking pi ocess of a triple expansion compressed 
air locomotive with double intermediate heating. 

o. h, h M:\iii air t:mkw d Main throttle v/iKo. «• Automatic pressure 
iFilueuFj; vnlnb f Cli:u poiy valve, o Working tsul;. h High pressure 
i I'i ebv:H-r t. A sfnp.e. J rruheuter L\ m Low 

pr«'8Htir«‘ sin-;©, double noting, n Kvhmist pi rnn^onient. o Lxiiai M. 
p IL t mining air drawn-in. 

n eeiver between the safety valve in the operating valve. 
Ji- consists likewise of a receptacle with a nest of tubes 
lliiough which the warm mining air passes, win].; the 
cold winking air Hows over (lie outside of the tubes thus 




82 being heated. The drawing also shows the temperatures 
obtaining during operation. Thu compressed air in 
being throttled down from 175 to 40 atms. is cooled 
from -j- 15° to — t(T 0. i. e. by 25°. In the preheater 
the original temperature of -}- 15’ is reestablished 
whereby the working capacity of Hie compressed air is 
increased. In the high pressure cylinder the air is 
cooled from -j- 15’ down to — 30' which is attain neu- 
tralised in the intermediate heater so that Ihe air reaches, 
the low pressure cylinder also with a temperature 
of -i- 15°. In tin) low pressure cylinder there is a tem- 
perature drop from -j- 15° down to -- 25'. 

The lie rli tier MasclTuienbau A.-G. build besides com- 
pound locomotives also triple expansion be omoiivcs with 
douido intermediate heating. The working process of 
lb#;': machines is illustrated in lig. 5. From tin; working 
receptacle the compressed air passes into the high 
pn .-sure cylinder which is provided with a stepped 
piston. The piston is guided in a protecting bu dung. 


WORKING PRESSURE. TYPES. 

The working pressure of nearly all modern locomo- 
tives is between 12 and 18 atms. With the triple 
expansion -engine it amounts to 25 — 30 aims. After leav- 
ing the high pressure cylinders the air has a pressure 
of abt.. 1 to 5 atms.; with triple expansion engines the 
pressure between the first and -second stage is 9.5, bet- 
ween the second and third stage 3 aims. With the older 
types the prelcnter ; s located in the intermediate heater 
so that the exhaust, of the low pressure cylinder draws 
ill" aii simultaneously through both. This arrangement 
lets not given satisfaction, because the .preheater cannot 
be m'cuo !y fastened and is apt to jerk loose. 

In figs, ti to 8 a locomotive is shown in side-elevation, 
plan viewg and section. As may he seen the loco- 
motives have two coupled driving axles. Fig. 9 
slue, vs a section through a triple expansion engine 
bid 1 !, by Sehwatt/.kopff. The Kchvvartzkopff locomo- 
tives have a sanding arrangement, of special construction 



With this arrangement, the intermediate heater must he 
made in two parts. After having expended its working 
energy the compressed air Hows from the high picssure 
side of the piston into the, preheater 1, from there In the 
low pressure side of the piston, thence to the preheater 2, 
and finally to the low pressure cylinder. Itolli preheaters 
are connected to the exhaust of the low pressure cylin- 
der by a eonmion bonnet, through which in the same 
manner as described above, the hot, mining air is drawn 
fhrnn-h both preheater . Tim working receptacle, pre- 
heater. and intermediate heater are supported in a protect- 
ed position in>ide the locomotive frame ami must he secu- 
rely fastened in order not to become loose during operat- 
ion. The percentage of heating in the preliminary and in- 
termediate heater naturally depends upon tin- temperature 
of the air in the mine, which again depends upon the 
h-vel. Resides increasing the working capacity, the 
advantage of preliminary heating consists in preventing 
the cylinder, valve chest, and -pipelines free/.ing. Ry the 
application of triple expansion of the air the simplicity 
of the machine is impaired and the number of pipelines 
and pipe connections is increased hut the working 
capaeiiy is enhanced and the consumption of air is 
reduced. 


which also permits of using damp sand. These 
-a tiding arrangements have given very good satis- 
tuition in practical operation. A1 locomotives are 

provided with a starting valve enabling the engine being 
started at unfavourable positions of the cranks by ad- 
mitting compressed air direct from the working vessel 
into the low pressure cylinder. This greatly facilitates 
starting. All valve,- and levers are operated from the 
driver’s seat, namely t.lio main stop valve, the control 
valve, the brake-lever, and valve lever; three pressure 
gauges arc- provided in front of (he driver for reading 
tlm pressuie in Ihe tanks, in the working receptacle, and 
in the intermediate heater. Finally the pressure reduc- 
ing valve is also placed in a convenient position on the 
(I liver's platform. 

At first, armoured te mnie hose was used for filling 
the tanks and lat"r copper piping. Owing to the the 
scarcity of copper during the war, an attempt was made 
with steel screw tubes which have given good satis- 
faction. hut after a while t.hev become hard and must he 

replaced. 

The simplicity of tne compressed air locomotive per- 
mits of its operation by unskilled men. However, it is 
not advisable to employ very young men as drivers, 
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because experience proved that lack of. responsibility 
and care reduced -tho life of the locomotive considerably 
and increased the repair bill. It was also found that 
youthful drivers owing to negligence frequently ran 
without expansion thereby increasing the air consumpt- 
ion very much. 

The number of trucks which may be shifted by one 
locomotive is, as a rule, 35 of a gross weight, of abt. 
35 tons. The net, load with each truck holding 0 tons 
therefore amounts to 3.5x6 — 21 tons. With this load 
it is possible to overcome a gradient of 1:300 with per- 
fect ease. On a level track the load to be carried is 
greater and may be assumed at abt. 30 tons. 

COMPRESSED AIR CONSUMPTION. 

The air consumption of tin; locomotives has been 
reduced materially by the improvements mentioned 
according to the publications in “Uliiokauf” 1 012. number 
12. It, amounted for locomotives without intermediate 
heating to roughly 1000 to 1700 litres per ton and per 
km. and referred to the useful weight actually shifted to 
31)00 till 3200 litres/tons-- km. For locomotives with 
intermediate heating the air consumption was roughly 
1000 to 1100 and 2000 to 2100 It./t.- km. The figures 
guaranteed by tin* factories to-day are 700 -1100 and 
1400—2500 It./' — kin. According to tests made by the 
steam boiler supervision society of collieries in the Essen 
district in connection with locomotives of the Concordia 
colliery, Oberhausen, on the 1 1th of February 1015, the 
air consumption' amounted to 73!) 805 and referred to 

actual tonnage 1(1(13 -103,3 Its./t. km. The line over 
which tin* tests were matte was 12(10 in. hang, the average 
gradient 1:215. The number of trucks mummied to 35. 
During the up-gradient. 30 trucks were empty and 3 were 
loaded with rock. During the down-giadient run all 
35 trucks were filled with coal. During these experiments 
one charge was Sufficient for 3 trips backward and for- 
ward. i. e. for a distance of (i vldOO . 7500 m. The 
driving range for the latest, locomotives with 200 alms, 
charging pressure is given with 10 Urn. In reality it is 
slightly less because, besides hauling the trains on tin* 
line, the locomotives have to do a certain amount of 
shunting work. Resides the condition of tlm track and 
the trucks, the number and radii of tin* curves, the numb- 
er of the rock trucks to be moved up gmdhmt, and the 
lengths and gradients of the line are of considerable in- 
fluence upon the air consumption. Long haulage di-d- 
ances are favourable and short ones unfavourable. The 
filling of the tanks takes abt. 2 minutes and in addition 
there is time, for connecting and disconnecting the charg- 
ing tubes so that on the whole the -charging time may 
ne taken at abt. 4 minutes. 


TUNNEL LOCOMOTIVES. 

Besides for mining work compressed air locomotives 
are also used in the construction of tunnels. The design 
of these locomotives differs from that of the mining 
locomotives m accordance with the haulage capacity 
required. r i he preliminary and intermediate heating of 
tho working air is not effected by the outside air which 
is naturally much colder than the air in mines but by 
small furnaces, built into the preliminary and inter- 
mediate heateis. This design would not be practicable 
with mining locomotives as it would nullify an import- 
ant advantage of a compressed air locomotive, namely 



il* suitability lot liredamp mines. Jp comparing com- 
pressed air locomotives with other locomotives from 
an economic, point of view if must be taken into consider- 
ation Ilia!, in main oases other haulage systems are out 
of the question, owing to the danger of explosion, and 
also that the cost of coal expended in the production of 
comprcsssl air air very moderate compared with the 
other co d, of the operation such as wages, depreciation, 
and capital interest, spare parts, repairs, waste and 
lubricants. 1 or this reason the compressed air locomo- 
tives will continue to he. a success for competitor of t lie 
other type s and tln ir field of application will be widened 
to an ever greater ext wit. 
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LOCOMOTIVE A AIR - COMPRIME A DOUBLE EXPANSION 

Typo k oyllmlros difTdrentiels horizuntaux jumclis k simple ell'ct, pour vole do 0 m. <W. 



© 

c 


rC- 

£ 


c 

o 


c 

© 

a 

13 

"3 


© 


w 

u 

*3 

> 

u 

© 

x 

‘© 


o 

f-i 


cO 

05 

© 

© 

3 

o 


3 


x 

x 

© 

H3 

3 

cO 


fcfl 

c 

ci 


3 

© 

x 
‘© 
O 
. cC 

*E 

c 

o 

X 


3 

© 

ti) 

c 

o 


c 
o 
© 

© 

CS g 

w . 

© ~ 

s > 

u 

■4-» 

© 

3 © 

x -O 


c 

© 

JL 

t* 

3 

O 

© 


t/j 


O 

> 

© 

© 

X 

‘© 

© 

c 


t-c 

© 

£ 

© 

CL 
iO o 
-a 
.03 -*-» 

3 

*© * 
£ oi 

!-• 

X 

c 

© o 

u 

x © 

© bo 

i c ■ 

L~ O 


_ © rz 

bL 


cu 

<cS g 
© &, 


© 

© 

c 

cd 

C 


© 

© 

s- 

c 

© 

3 

-© 

© 

CL 


3 

© 2 


x 

© 


£ ■* 

C C 
© 

*© i 

o 

ce o. 
*— « a: 
CL © 


u 

3 

S3 

3 

cd 

LC 

O 

k © 

fc- 

©i 

© 


hs 


© 

s- 


© 

3 

© 

s-u ^ 
3 3 

D S 

‘© 


^ © 


x 

3 

© 

"3 


C 

.2 

cr 

x 

© 

u 

CL 

© 

X 

CC 

cd 


*3 © 

g J 


bo 

05 


© 

X 

‘© 

X 

© 


3 

o 

CC 


3 © 


LC © 
*_ © 


X 

u 
3 

g’^ 

CC 


2 L 3 1 85 


X 

3 

.2 © ^ 


x 

3 

© 

cc 

© 

*3 


© 

3 

to] 

3 

O 


3 

2 2 ^ 3 E 


c3 C *- *3 


7*. ^ 


cc 

© 

H3 

I 

3 

oS 

k © 

© 


3 

3 

O 

© 

© 

cc 


© — 
u 
3 
© 


CC 
3 
O 
© 
© 

^ S CD 


3 

© 

C 


LX ‘© © 


3 

© 

CL 

3 

© 

s 


\ 

cd 

‘-3 



© 

X 


, c* 

cd 

X 





© 

*~~* 

© 

X 

CL 



*•© 

U 

3 

© 

JL 

S-r 

© 


© 


X 

© 

O 

*© 

U 

£ 

© 

© 

© 

Ut 

£ 

r' 

cd 

u 

X 

X 

'35 


o5 


f- 

3 

r3 


o 

CL 

s 

© 


© 


u g 

^•|e'g?s 

o g 8 l ^ ,ci 

^ O ‘C M CO *J 


C3 

C £ 

s O .2 = 


w .22 

‘3 


T3 

c3 

■TS 


o 


t _o 

5 rf 


i s-S «5"! 

i st 3 ; i 

« ^ o « 3 >> 


3 

O 


o <V 

- - S S 
CL > W > 



E 5 £ ^ 

S £ £ g 

»o © © © 

to CO © 

.— i ^ m —i 


be 

rt 


be 

JX 


Z « c 

-e ^ o 


eS 
P, 
■ £ 
W 


3 

© 

tT 

3 

© 


-efi 


3 

© 


3 03 

s I 

© 3 


Sh 

CL 

© 


P 
a 
> 
ctf 

3 
O 
CL 

£ 
eS 
w +■* 
© O 


X 

3 

O 

5-r 

© 

fcD 

3 

O 


cc 

s~ 

© 

> 


£ £ tt 

S G - 


c 

rt 
X 

„ X 

tq ^ os 


o o o 

CO 

— < CN 


cC 

> 


X 

© 

3 

cr 


3 

E 


- <S 


3 

£ 

3 

O 


Ctf 
^3 

& ® I 

x 3 00 

*4> 3 . © 

Lc c «- 
< U (L 


© 

u 

3 

© 

’C 

*© 

■*-> 

X 

© 


© 

tfl O 
V3 t- 
.cfi ;2 

I V x 

05 3 .2 


3 

© 

© 

^© 


3 

© 

. w 

‘E 

X 

© 


fc/J 

-ctS 

© 

x 

X 

O 

£_ 

© 

•4-J 

© 

X 

© 

f-r 

3 


3 

O 


3 

© 

© 

3 


© 

S' 1 

L. 


X 

©i 


E -4 

Jt 


3 

3 



86 





H 

Z. 

w 

w 

£ 

o 

H 

o 

2 

O 

o 


W h 
O a 


c/5 

c/5 

a 


w. 

> 

H 

O 

2 

8£ 

Si 

o> 

a f 

z ^ 

D 

Q 

“C W 

» S 

a * 
« B. 

Q h 

a 2 

»— * t-n 

h o 
2 fc 


g. C 
u o 

;2 *5 
’E «? 

a +z 
p o 
c x 
o © 


Em 

3 


C/5 

* 0 ) 

C 

3 

S-. 


c 

o 

cc 

xn 

Ui 

3 

© 

O 

P 

X 

S3 

0) 


© 

J 


3 

To 

*© 


x 

3 

3 

c/; 

*© 

*© 

c 

3 

S- 


© 

'05 

a, c 
c* 
c 


o 

s 

3 

s 


'© 

*3 


2 £ 


© <U 

£ w 
»o c 


© 


c 

3 

c 2 
>* ^2 
-3 


.{tf 1 
•3 

.£ £ 

§ s 

.5 .S 
’3 u 

s o 


Em 

© 

*© 

Em 

© 


c 

o 


^ ^ « o 


o 

*3 


3 

a- 


v: 

© 
e-» 
> 
© 3 

a> § 

3 3 

O C 
U ' c 

p X 

© 05 

© ^ 

a> 

‘c 50 
£ a) 
rc 


© 


c 

3 


3 73 


M 

c 

-m 3 

.3 T3 


05 

3 


fcH 2 

05 

c a 

c 


c 

05 

3 

Cf 


.05 "3 


05 

*■05 

Em 

CC __ 
Oh ui 
-05 ‘05 
■J1 u 


05 


g K -o 
■“ ® £. 
r- 2 

c o 

3 3b 


3 

s 

o 


05 

Em 

O, 


bO 


o 

O, 

05 

u 


a? 

05 

c 

05 

u. 

*05 


rt ^ 

(l , w 05 


05 


-c3 


<* .2 ~ — 

*05 j.O rt 

35 (T^ 


C 
3 

;§ ‘5 '3 

3 «M W 



<© j 

u 3 

3 .*2 

3 


c 

o 


co 


^3 

*0 


05 

3b 

o 

Em 

3 

•E 

05 


*05 ^ 

*M H-» 

bfi C 

05 05 

-o S 

« 05 

bo 
w c 

« rt 
£ « 
S ^ 

£, fcD 

QC ec 

c b 

a 3 

-P c 

a E 

*05 


05 

3 


05 

C 

CD 

3 

-t_a 

*05 

O 

05 

C 

3 

C5 

c3 

E 


c 

05 

E 

.2 

•4—1 

C5 

a 

o 


CT2 

© 

© 

© 

£ 

4S 

O 

Em 

£ 

<© 

g 

3 

£ 

3 

S-. 

E 


bo 

3 

c 

3 


o 


a g -5 
® c, S 


1 

m 

la 

© 

s- 

U 

CL 

3 

£ 

O 

o 

Cm 

o 

cc 

© 

cc 

© 

»— M 


© 

o 

3 



£ 


w o 

v. u 

® to 


3 

4-> 

3 

•4-» 

C/5 

3 

C 

to- « 

S Q 

05 ^ 


C 

3 

bo 

fcn 

C 


« 2 
3 5 

5 45 


3 

05 

■*-» 

C 

05 

cc 

*05 


CD 

CD 


4j % w 

D -**' .2 


u> 

3 

O 

cr 

*D 

> 


^ £ 
c 
o 


^ s 

C P 

£ ”3. 

tn : 


3 


ui 

® ‘£ 
U - 

Oh 


b0 

05 

05 

E 

<D 

£ 


c 

o 

£ 

35 

05 

£ 

£ 

3 

s-. 

bo 

3 


»05 

be 

*05 


, C5 


> © 

« oa 

os -s 

<3 


cc 

<D W 


3 02 
C -4 

o < 

W C5 

^3 


o 


05 

3. U 
O 3 

‘E E 



to 

05 

S-t 


CC 

D 


*05 

X 

03 


3 

O 


5-t 

3 

© 

3* 

K 


3 © 

-*-» K* 

2 

o 

c S 

o 

^ o 

o 


05 

U 


3 

3 


KJ 

«p 

© 

3 

be 

w: 

© 


3 

3 

tn 

O 

cu 



88 


Z, 

o 

H 

U 

< 

x 

H 

w 

Q 

H 

OS 

O 

© 

&- 

w 


w 

Q 

w 

CC 

D 


CO 


&3 

C 

< 

X 

X 

< 

s 

‘W 

p 

p 

< 

H 

w 

a 

u 

o 

Oh 

o 

w” 

J 
■ e 
P 

C/5 


© *•© • 
t; pp 
a? 
o 

X 


© ^ 
£ < 

c c 
£ o 

° ^ 
C o 

5 03 
§ i 

•§* © 
^ T3 


c 

p 


© 

© 


© 

© 


p 

O 

a, 


© 

o 

© 

© 

© 

p 

cC 

•4-» 

© 

X 

p 

© 

c 

a 

'b 


c 

o 

3 

o 

c 

p 

»eC 

© 

X 

© 

© 

P 

03 


'5 

X 

CO 

© 

3 

© 

r* 

G 


© 

© 

,© 

P 

© 

C 

P 

© 

CO 

p 

© 

© 

03 

*© 

© 

c 3 


© 

© 


© 

H3 


*© pP 
« * 


o 

g 

X 

c 

»>> 

© 


ho 

riS 

o 

o 

o 


© 

© 

to 

© 

cC 


© 

C 

P 

© 

p 

o 


© 

© 


© 

© 

Ph 

© 

p 

© 

CO 

© 


o 

cn 


G 

D 


— e 

© cO 

3 © 

cr -© 

CO to 


o ^ * 

3 G © 

d. cc © 


© 

© 

© 

© 

'4-? 

© 

£ 

© 


© 

© 


P © 

P "C 

p © 
s 1 
P3 © 


CO 

*© 

© 


r* 

03 *— 

p: o 

CO 

CO © 

CO CO 

x © 


Q l ©* © 


© 

cc 

u- 

© 

© 

p 


© 

© 


G 

O 

© 

C 


© 

X 

3 £ 

±- -2 

© CD 


X 

© 

*©. 

P 

P 


© 

O ' 


.§ Si 
> © 
G p 
© X 


X 

3 

© 

> 

•4-J 

o 

£ 

c 

© 

o 


cn 


© 

03 


© 

*© 


© 

© 


G 

cC 

C 

T 3 


-CC 

© 

© 

£ 


G 

cc 


© 

© 

CC 


©PC 
P3 © cC 

P. © 

^ HX 

® -* « 

©-< _ O 


G 

•03 

►> 

3 

X 

C 

C 

©* 

.CC 


.© 

© 

o 

© 


c 

O 


£ G 


g < 


© 

to 


© 

© 


© 

© 


© © 


© 

© 


o © 


P C 

© to 


T 3 

c 

© 


-S £ O 


i .© 

c 3 

CC g 


© 

T3 


^ .CC £ 


© 

to 

CC 

© 

© 


.© 

to 

V© 


X 

c 

c 


© 1 
O' « 

© 


-© 

© 

© 

.© 

X 

© 

■4-J 

© 

o 


•P © 
P P 


X © 
© © 


X 

p 

X 

x 

© 

"O 

i 

P 

< 

X 

© 

© 


p 

T3 


P 

© 

r * 

G 

O 

■*-* 

© 

x 

© 

cc 

to 


x g 
^ CC 
© £ 
O CO 
© 


X 

© 


x 

cc 


2 g 
S I 
"to s 

^ tr 


C3 

O 


© 


.t: p dr 

5 © ^ 
.£ S o 


© 

© 




x 

© 

P 3 

© 

to 

cC 

X 

p 

• 4 J 

c 

cC 


G 

© 

P 

O 

w-> 

© 

P 

X 


2 ! 
c f 

h- 1 


?- 

o 

© 

pc 

p 

© 

t" 

K 

O 

? 

X 

X 

p 

© 


p 

X 

o 


© 

o 

jd 

X 


c 

C 


o 

© ■ 


*g 

r~> 

© 

O 

X 


© 

© 

G 

cC 

X 

X 


cc 

P3 


,J~ cC 
O 

p 

o ^ 

^ c 
o c 


© 

> 


© 

ci 


© 

© 


G 

© 


© 

© 


.P C 
O 

E ^ 

<13 © 

O G 

© to 

© £ 
^ © 

£ p 
£ > 


to ‘P 
© c 


c 

o 

© 

o 


c 

p 


G 

o 

© 

X 

© 

© 

p 

cr 

© 

■+—I 

X 


o 

© 


X 

X 

£ 

© 


© .p 
03 

^ X 
r- X 

ts £ 

u Js 

tD T3 

« c 
.cc ^ 

X P»^ 
© © 

^ X 

o © 

X © 

B. to 

O . cc 


H 

'W 

X 

X 

< 

'p 


X 

'p 

>c; 

o 

H 

< 


o 

X 

z 

o 

a 

w 

p 


X 

U3 


♦© X © -- X 


X 

© 

X 

© 

© 

p* 

eC 


P x 
X; © 

P 

C T 

O, ^ 

X 


.p p 

g © 

© ’"w 

^5 G 

s ® 


p 2 

P3 

G 

cc 

P 

Cr< 

x 

© 


© 


X 
Pi 

‘P P 


iJ o 


X 

© 


P CT/ 


'P © 

G *© 

O <03 

‘ 1 i ~4 

X © 
. © CC 

~ +» 

X 

© © 


to 


rc 


x 
© 
G 
C 
cc 

X 

P J: 

x 

X 

P © 


© 

© 

p 

© 


p 

© 

-*-J I 

CC 

3 .£ 

to x 
*© x 
© x 
© 
X 

5 

s -S 

- © 

X *© 

© £ 
© P 
> Q 

p 

o. 


to 

PC 


o 

t- 


cC 

X 

X 

© 


‘© 

P3 


<e io 


Cu 


o ® 

^3 ,eS ^ 


© 
© 
P . 


CC x 

*£ X 


G ^ 

s ^ 


G 

C 


i .x 
p *© 
O E 

s ° 

ai E 
. c5 
; * © 


rp ce 

© P 

P G 
c o 
p *^r 
x 


© 

© 


© 

© 

p 

X 

© 

-© 


© 

•4-? 

X 

-X 


c 
o 
© 
X 

e p P 
© o 
H O 


© 

G3 


© © 
*© 

"p c3 

X *"C5 
© <C 


P V 


© 

© 


X 

£ £ 


+ 

CO 

1— 

CN 


— lO 
+ + 


co 

i^ 


+ 

CO 

r- 

CN 


X 

CO 

X 


o 

cO 

P5> 


to 


X 


o 


o 

CP 

o 


o 

vr 

CN 




CO 


© 

«C 


cC 

£ 

£ 


X o 5 


r- 

O 


aO 


r- 

(N 


C 

© 

£ 


cc 

•*-> 

X 


p 

c 


2 S 


© a) 
-© •— 


£ P 


00 

© 


O P 


O 

£ 

3 

G 

.2 

X 

X 

© 

© 

p 

cC 


I 

C 

o 

£ 

'© 


X 

'© 

© 

p 

X 

© 


© 
© 

cC 

3 g 
*© 

© p 

P r2 

<U— w 

© G 
P O 


O 


cfl '* 
x © 

5 

g ^ 

X 

© © 

§ * 
p ~ 
iC 
O 

© co 


cC 

P 

’© 

G 

© 

P 1 

cC 

J 


© 

P 

© 

P 

C 

© 


k © © 
cC 
P 


© 

to 

x 




89 


c ® 
o fcn 
« a 

. CO 

® .2 

® 2 

ic tc 

« ^ 
o 


® 

g 

<® 

s 


c 

® 

-M 

© 

O 

a 

CL, 


3 

fco 


00 

a? 

-4— < 

c 

CS 


© 

© 


CO 

r- 

5 


© 

© 


DO 

© 

*3 


3 

© 


02 

© 


e 

to © 


© 

© 

© 

O 

© 

© c 
© 3 

3 ^ 


3 

a 

© 

> 

to 



© 

-*-3 

© 

s 

© 3 

3 

w © 

to c 


*© 

a 

o 

3 

<© 


© 

o 

© 

o 

£ 

© c 


CO 

© 

w 



a 

3 

© 

o 

© 

£ ~ 

© 

3 

3 

CO 

C 

3 

‘O 3 

^ © 

3 

© 

3 

3 

© 

*3 

© Cm 

oT 

co 

to 

X 

to 

© 

2 

3 

-© 

J; 3 


*3 

© 

© 

3 

3 c 

CO 

3 

a 

*to 


3 

© 

3 

to 

"a 

3 

CO 


© 




00 


CN 


c 

© 

c 

© 


X ~ 
3 § 

C3 ^ 
© 


to 

CO 

© 


3 

© 

nu 

k © 

© 

'© 


© 


02 

© 

© 


© 

> 

o 

£ 
c 
. © 
c 


kj 3 

5 a. 
© 
no 


co 

© 

3 

5 ® 

CO CO 

© c 
h cc 
c *» 

© to 
•©> 
© 


© 

2 cS 

a U) 


to 


G 

3 

© 

*© 

£ 

3 

to 


to 


© 3 

£ rS 

© ' © 


© 

3 

3 

’5 

CO 

CO 

© 

© 

s 

<© 

S 


3 © 


to 

© 

’© 

s 

CO 

© 

'© 
> 
© 
I— , 

3 

© 


*3 


O 

■ to 

-4-9 

«3 

© 

a 

to 

© 

t—. 

*3 

o 

> 

© 

© 



3 

3 


X 

to 

to 

c 


3 

3 

© 

© 


to 

6 

to 

© 

© 

> 

[© 

6 

CN 

.© 

© 

a 


© 

•3 

to 

© 

3 

© 

© 


C 

© 

£ 

© 

a, 

3 

o 

© 

© 


© 
‘© 
to G 

© <3 

' 3 

© 

•> 

C 3 

O © 

O’ 4J 

<2 c 

© 

© *3 


© 

© 

© 

Q 


ci *0 


c« 

> 

3 

O 

© 

©» 

C 

O 


3 

© 


O 

© 


© 

CS 

a 

© 

*■© 

a 


co 

c 

CC 

-3 


© to 

s « 

cS cS 

g to 

CO 

*3 to 

3 © 

a -3 

M to 
® © 
a ^ 
3 

to 

© 

. *c 


to 
© 
bC 
cS w 


© 

3 


DO 

© 

# © 

CS 

a 

to 

© 


3 

© 

© 

bO 

3 

© 


CO 

© 


3 

© 

£ 

© 

3 

© 

© 

© 

J 


O 

E 

CS 

c 

*3 

X 

3 

cS 

■*■3 

3 

© 

3 


O 

*3 

*© 

E 

CO 

© 


3 
* <© 


© 

£ 

to 

3 

cs 


3 

3 

> 

‘3 

CO 

3 

O 

©» 

CO 


© 

•3 


3 

2 

3 

O 

a 


*© 

© 

o 

© 

a 

3 

o 


to 

© 

*© 

*© 

3 

CS 

© 

a 


c 

3 


CO 

© 

3 

3* 


© 

.© 


£ *5 

§ £ 

'© 

a a 
© 

c g 


© 

‘© 

© 

3 

a 

CO 

3 

O 


-Q - * 

r— . w 


© ^rr r- 


© 


© 

© 

-3 

CO 

© 

3 

© 

■*-» 

O 

s 

c 

® 


c 

.2 

a 

3 

> 

*© 



seconde 2,66 X 75 = 200 kgm. 

La force necessaire pour la deplacer a 3,90 m 





S 90 

"a 


in 

.oS 

i 

© i 


1 

05 

O 

© ! 


Sj 

Of 

<33 

‘03 

rQ 

U, 

tourne 

.02 

© 

© 

c 

cO 

02 

CD 

‘3 

£L_ 


-les dii 

o 


p 



03 

*Q 

© 

CO 

(£ 

© 

> 

. j=T 

© 

H-a 

cO 

£ 

*43 

00 

13 

*■£» 

o 

© 

2 

© 

o 

O 

C 

O, 

£ 


02 

P 

c 

CO 

Cfl 

03 

c 

© 

© 

o 

f- 

Jtf 

-*-» 

o 

o 

© 

cO 

II 

. CO 
GO 

© 

‘© 

Ch 

’3 


*3 

w~ ■« 

o 

*© 

O* 

a 

J 3 

IS 

'© 

ns 

© 

ns 

X 

©T 

+ 

rs 

02 

c 


nS 

72 

3 

© 

+* 

£ ® 

c 

© 

t- 

© 


r- Cg 

O to 



' tc to , 
-Vi Cst « 

.. .. o 



03 O 

^ - C £3 

o 5 ~ 

> c <; 

nS 


‘© 

© 

r© 

> 

c 

© 

© 

*— < 

fig 

© 

s- 

fcl) 

>4-9 

‘© 

’5 

<© 


© 

-© 

© 


u 


“•3 3 


cti O •• 

&3 ® § 


£ f E 5 E ^ S 

« S) a # i 

'O n3 to n? fc: 

C 0) o 

c . c . e . c 

c bo O tc _C b/j _o 

W CD ~ 03 *C0 

V. 03 t£: 

<13 Zl, 03 Ej 03 til 03 

> U ^ fc« U 

Cn a, a c- 


cc 0 3 

^ ® £ 
02 ® 

° -r .’p 

i o 



© 

© 

© 


r- 

© 

© 


& 


o 

f— 

cO 

V* 

c 


o 

P 

c 

© 

O 

s~ 

02 

> 

02 

c 

♦— • 

© 

£ 

© 

ns 

•4-J 

© 

_c0 

r- ' 

rs 

£ 

1 

ff 


I oc 
' O 

£ S 
£ <6 

•- S 
cS >» 

s? - 

•E*3 $ 

.. TT 


o 

CO 


CO 


C"- 

X 

X 

iO 


crT 

VT< 

o' i 


i u c 
O BJ 5 

o a, 


i (C 
o 3 SO 

<B c ® 

Sr-I c 


© 

© 

02 

o 

©•< 

ns 

a 

o 

t- 

© 

© 

&4 

K 

© 

ns 

© 

s 

o' 

© 

*3 

C 

e 

© 

. 

■4-S 

c 

02 

© 

.2 

© 

© 

3 

o 

O 

*£ 

-4-a 

'© 

05 

cr 

2 

s 

u 

c 

02 

P 

i— • 

o 

^03 

ns 

i 

© 

02 

£ 

IS 

© 

c 

© 

© 

05 

"0 

p 

ns 

© 


© 

ns 

cd 

€6 

ns 

c 

02 


‘© 

P 

4— 


© 


© to 

CO 03 , 


o 

c 

CO 

02 

p 


CO 

© 

1© 


ca i= 
&, 02 O 
*© *© 

02 J-i 


1 o 8 

£ £ ^ 

*© 2 co 

E 02 
© ?> 

% 03 ns ,°3 

tw ^ 

33 ® C 

W3 C /— s 

03 3 ^ 



RESULTATS DES ESSAIS DE La LOCOMOTIVE A AIR COMPRIME EFFECTUES AU POINT FIXE 


91 










i-O 


o 


■ _ 

o 



C: 







d n 

S94pUT{A 

9 *n* 

be 





o 


o 






O 

04 





© 


«OIS>JUip 

« p a.JIOApa UOI3^J*J«| 1 

— 





04 





*- 



*■ 








1 






























■ — 1 



— 



— 








fluO'Ot i 



.-O 

1 


CD | 


CO 

} 


*1 



i-O 


CO 

1 



— 

Jed JI« U 4in;iBt!MIIOSMAO 
~ : : 

J 


t— 

- 1 


> 


t-~ 

1 


r— 



< — 

J 

* • CO 

1 


l— 


anbiu 

so«uu ini 

tuapuay 



CD 

F* 



CC 


o 

OO 



GO 



CC 


DC 



CO 

GO 







o 



o 


o 






o 


© 



© 


SJLia«U9AnOU> £9] 

> 


CO 



CO 















J«d o^qjoSqB 90u*sj.m ( i 






■ 


tr™ 






XJ- 


lO 







] 






CO 


CO 



CO 





— 



— 



TTIOX 

> 

Oj 


o 

o 



o'* 


ZO 



O 

**? 



lO 

o 


© 



04 


p; k 



C-5 


- 



tr~ 


04 



o 



- 


— 



04 


< ^ 
t ft ^ 

x> "Z 

d H 

**UU9.\0U1 99Utt0p4i) 

bi 

ptf 





r— 





DC 



1.0 

o* 


GO 



© 

CO 












CO 



CO 



TO 


C-D 



© 


c_ ~ 


d H 1 

si 





OO 


04 



LO 






DO 



o* 










c~* 



r- 



» 





■ 



auua.vom 9»imop4r) 














- 












"C* 





CO 



o 



cO 


* C 





■ ^ r 

autqaBUMjj ep 

> 





~ 


(D< 

«aj| 



g 





o* 



Lo 


it r- 

a.'tiaaya sjuasstn^ 








t— 



l^~ 



*ct 





© 


r 








— 








-r- 


CD 





ui r* 

v majiod 

S19J«S S9] 4*d 

> 


CO 



in 


O 








*5- 



r- 

i 

— k 

*G9iJ40sqe aauBssm.i 



o 
















04 

! 

i 









o* 





c< 



— 


— 




1 



SOUISIlAp S9p 

> 


r— 





CO 






o 


'GO 



OO 







"r: 
















oi 




















t ~ 



© 


X 

.z 























— 





CO 

-r- 

*<r 

in 


t— 

t— 


CO 

O 


o 

04 






2 

!U9UI9pU9}j 








oo 

oo 


OO 

OO 


CO 

•DO 

oc 

CC 


DC' 

H 

L 

- 


■=> 


o 

O 

O 

o 


o 

o 


CD 

o 


© 

© 

© 

© 


O 





CO 


cr. 

C5 

CD 



o* 

in 


1-T> 



CD 

oo 

, 





- 

SlJB.VVOj?^ 


•*=? 


cv 





1-0 

CD 


CSJ 

r^- 

00 


OD 

CO 

•<r 

© 


© 


* 



— 


o 

CO 

CO 

** r 


o 

■<- 


*^r 

TO 



c> 

c-^ 



o> 

£ 

£ 

saj.idiuy J 


O 


*o 

J-O 

CD 

j 

00 


s ! 

Oi 

04 



CD 

■<* 


OD 


1X3 

(D» 
O • 


04 

04 






o 



*o 


o 



o 



o 


© 





ir 


s M 0 A 








CO 

o» 






CD 


t— 



© 




mumt 






to 


(r~ 

CD 



?4 



— 


CO 



© 


' 

«4noj 

9p 94qUIO^ 



o 



<o 


CD 



o 



CD 

. 

GO 



© 


j xsa :> 

o 

° 

° 



CD 


© 



© 


■S) 

ainaiui 



CO 



00 


o 



00 



in 


04 



•‘•i 


CT £ 

SJnoi 

s p i> j q uj n jy 



•ef 

O* 



C-i 


•o 

O'* 



?- 



04 







— ~ 





o 


. 

CD 


oo 



CD 



© 







a o 

181 oi ajnoi ap a-iqcnos' 



CO 



-o 


C3- 



CD 



CO 


CC 



© 












r- 






‘vf 







:£ ’f) 




— 



o 

co • 

— 

CTD 


CD 

o 





in cd 





f- H . 







co 

o 

o 

'O 






co 


— © 





^ J 



CO 

O 


1-0 

CO 

I- 

-«p 


in 

o 


co 

c- 


lO oo 


© 

© 


-G 

PV 

9jqtoo\j 


O 

'-TH 


— 

o> 

CO 

"*T 


in 

co 


CO 

GO 


© © 



© 






— 

— 


- 



-r- 


— 

"T - 



— 


<D> rr» 


o> 

<D> 



apuoaas trg v n.inoaaBd 

— 


■=•<* 

OO 



■©> 


a<i 

©> 


I 

=5 

Ci 



t — 
oo 




1 

co 


-< 

9ia irsanB inb uiiuatj^ 

=■ 





e<D 


-*** 


I 

so 





1 « 

' 

1 

cT 


-J d: 

w c 

o t- 

ajnatui 

SJROl 3 p 3J(jUI'I^ 

CO 

co 

«© 

e>t> 

ia 

CD 

■<? 

CD 

04 

id 

© 

oc 

— — 

i*«sa 

j itiBpuad 



OO 

CO 



£D- 


cb 


1 

CC 

CD 



00 

in 


1 ° 

I © 



oc 



j8ioi sjnot 3|) aaqinojj 



•=C* 



-c 


*■>?* 


1 

G-4 



04 


1 04 






j n a 

8 8 l j B 1 O 1 


L- 

in 

CO 

lT5 

O 

C~ 


CO 

CO 

CO 

L-O 

in 

00 

OO 

CO 

CD 

GO 


CD 

oo 

*<5* 

00 

l— 


oo 

CD 

CO 

*>=? 


C— t~* 
4- © 


CD 

© 

*«r 



OB 

9jqui0\[ 


CO 

CO 



r— 

CO 

OO 


OD 

CD 


z. 

r 


04 04 


© 

-?r 


s 

- u 







CN 










in 



© 


5 8 

3 -* 

epuoaas J8j 

.r 


o 



•*=r 


O 

CD 



CO 

CD 



04 

00 


© 










CO 



r- 










•<e 



n 


© •• 

-© © _ 

E “• *| 1 

C. eJ 

E Z £ 

C Ji 

z u 

<2* 

“3 


Litres 


00 

OO 

o 


■ OO 
in 

CO 

17.354 

li.IOO 

t— 

oc 

CD 

r- 

co 

© 

o 

00 

t— 

oo 

© 

8 =_s 










O* 



r- 



oo 


o 



00 


.;= i; -5 

<=,s 

94»JBjad(U9J/ 



in 



— 





co 



t— 


<?■ 



© 



e . ' 









' 








* 





•— c T 
-a -a — 

*e _© 

uojssajj 

1 5 

X-3) 

3*0 

C© 


1 

co 


Ifl 

e'T 

CO 


1 

co 


1 

in 

o 


1 s 


<M 1 

c ' 1 

c 2 i 

E .S 

— a 
■ a « 

I ajnjBJadiua.r f ST 


» 


1 

If 


ia 


1 

c- 


1 

oc 


1 


1 

e- 



“ a 









-!-H 













►I 

a- 

Is 

U0ISS94J 

be 


ia 

c> 

t— 


ID 

c© 

| s .. 


ia 

<© 


1 

o 

CO 


i « 

1 ® . 

SIVSS3 S3 a 

agana 



CO 


1 

CO 

hz 


o> 


1 

o* 


1 



sivssa saa 

0 M 5 k n s 





1 

C-i 

| 

i ■* 

lO ' 

1 ° 

1 ' " 




92 


© C ~ 


C.O 

cn 


CN 


e 

o 

> 

rt 

K 

3 

C 

3 


c 

© 

E 

C3 

U 


-M3 

^ « «J 

O © > 

'w S— w 


S -- 


C/3 

© 

U 

G 


w 

© 


© 

S-» 

3 

© 

© 


O 

> 


<D 

a 


© 

u 


ct 

S-« 

-<v 

G 

s 

© 


© G 


c 

© 

2 

o 


iO 

+ 

CO 

r** 


+ 


CO 

r- 


X 


© 

3 


Cm 

Mj 

O 

E 


c 

.2 

*E e * 

W iD 

© 

U © 

G "3 


CO 

’C© 


iD 

+ 

CO 

r— 

G" 


X 


iO 

cT 


iD 

co 

o 


o 

CD 


ID 

co 

CD ~*- a 

oo 
oo 
co o 

lD ■*”' 

+ 

co 

r- 

CN 


OO 

© 


© 

c 

o 

© 

© 

M3 

(- 

03 

0* 


c5 D 

^ C 

S.'S 

C 

© M3 
*© C 
G o 
G > 
O c6 


O 

OO 


© 

> 

*© 

© 

> 

o 

© 

© 

© 

G 

CS 

xf, ) 

m 


M3 

O 

c 

•fi 

© 


E 

bo 

r* 

© 

o 

o 


*-l 

3 

O 

G 


© 

03 


‘© 

s ® 

t c 

c3 pG 
l © 
rt 


^cC 

03 

C 

.2 

c3 

s 

•6 

o 

M3 

c 

c 

© 


X 


o 

CO 


X 


£ JS 


M3 

© 


M3 . 

G 

O 

"4-» 

U 

G 

O 

G 


M3 

c 


*© 

03 

•® 

© 

o 

u 

G 

m 

G 

c 

> 

06 

M3 

§ .2 
*-y C6 
M3 
M3 
© 


G 

O 

G 

u 

© 

"5 

G 

c 

© 

c 

o 

’•4-a 

© 

c6 


© 

© 

c 

c6 

2 .jjj 
*E 
*© 
t-4 

© 

c 

G 
06 
G 
© 
fc- 
G 


G 

iD 


c 

© 

G 

G 

C 


§ 1 

c •« 

p. © 

© G 

> .ST 

O " 

E I 

3 i 

o rz: 

— 

.2 o 

3 03 

° s 
°- § 
be ~ 

dd © 


c 

c6 

C 

© 

G 


fc ® 

f-f 
O 
G 

M3 

G 
c6 
u 


w 
C 

r- - .2 


** 3 
© T3 
M3 •£ 
© 03 

C M3 

G2 G 

s- o 
® > 
G c6 


S- 

G 

c3 

M3 

G 

O 

G 


® s 

G M3 

cr © 




- be be 
^ J4 . 
t - ro ' 
* ,, „ c 

CU Oh ' 

.S ffl 


© 

c 

C 

© 

>» 

c 

s 

. © 
.*© 
c 
c 
o 

D3 

u. 

C 


w w 


a 

a 

<v 

>* 

o 

£ 


*8' 


G 

© 

© 

M3 

C 

O 

i> 

C6 

M3 

G 

O 

2 


© © 

© 


C 

c6 


c6 

© 

•■© 


E 


G 

G 

G 

© 


C 

© 


M3 


G 

c6 

*® 


G 

© 

•— — > 

1- 



G 


T3 

■4J 


G 


© 

G 


© 

*© 

c 


© 

03 

G 

© 



© 




C 

^© 


*3 

o 

p- < 






*© 

03 

M3 




c 



•+* 

c6 


MD 

© 

T3 


G 




' O 

© 

• H 


> 

© 

G' 


c6 

c6 

CT 1 



pG 



G 

G 

<D 

CD 

© 

© 


O 

03 

G 

G 

r* 

G 


©" 

p— 

O 

© 

c6 

G 

© 

£ 

pG 

C 

Vf 


© 


^-i 



G 

© 

n 

© 


M3 

O 

G 

© 

£ 

G 

00 

'© 

<U 

c : 
c6 
> 

*3 

© 

G 

c6 

© 

3 

c6 

© 

J 


Consommat. 
par tkm. 

transportee 
en palier 

J cr n> in. cc c> c-. c-> 

i « M r*. (M CO iO 

J *5’ *«?■ •??•*?■ CD 

Travail’ 
effec tu6 
en tkm. 
reellement 
transportee 

• (N 05 &3 n «o «r tT 

c CO C 05 CO - « o 
^ W CO' 03 ^ 

® | fe g 

1 o o. 10 
6 E = ‘ || 

t- t. 

t- O — P3 © — lO 

*■* M-'fiCtCClt't- 
« ‘sf tO ift lC CO i/3 

Effort 
disponible ■ 
au crochet 

t- (N f- b- b- 

fie ocout— •oDtAr- 
^ X oi x <r co w 

a c-i Cl ^ 04 

Effort 
absorbe 
■ par la 
locomotive 

. co CD CO CD CO cc- co 

bo 

Uf — -^H — — — — — 

ift ift iC lit lit ».<t wt 

Effort 
de traction 
sur le rail 

lit tit 

5C o - < b M Hj t* 05 

u: w h* (N rt - « « 

(N Cl M ft CO (M co 

•>© *cC 

© • •© £ r, 

o C .® 

S «c 2 ^ 
iS- E g c 

~ 5 1 4 
o •- g. £ 

S’ S. 

d ® m a o co 

3? l« ^ « h Ifl ^ 03 

GO o CN c£J o CO 

cc t- sr < co (N 

Puissance 

effective 

C. v. 

it, 2 
14,125 
17,42 
17,335 
14,14 
9,52 
10,55 

O 

t_ ... 

•a; CC 

c • 03 W 

E -a g 

— CM CC *<? tO CC t- 




fe_. 

t, E 3 

K 1. ■ 

a s ■ 
_ o. t* 
^ ,0 
ti”- 10 


(X Cu 

K CQ 


ho 


• s 


■8 


•a -o 
a) 


K W 


c 

c 

o 

-o 




-j 


3 

© 

CO 



G 

fc— « 

rt 



© 

fl 

© 

C 

© 

3 

3 

a 

33 

0 

-♦* 

O 

C 

© 

tn 

p 

3 

.SP 

co 

© 

© 

rt 

r- 

c 

© 

P 

«4> 

<a 

b 

-t-> 

CB 

r© 

*rt 

P» 

' '3 
O 

rt 

35' 

G 

^rt 

4 

« 

V ' 

' p 

rt 

CO 

© 

CN 

© 

© v 


'O . 


a 

c 

' ^-3 

to 

O. 

« 
0 
•— * 

© 

4-> 

CO 

0 

rt 

c 

© 

X 

c 

0 

a 

© 

joe 


> 

u 

® 

a 

3 

T3 

a 

o 

•M 

a3 

cc 

•iH 

a 

a3 

fcc 

G 

o 


3 

CO 


c 

rt 


x © 
3 3 : 


o 

> 

c 

o 

o 


*© - 
to 2 

.— rt 


c 

rt 

rt 


3 5 

rt c 

5 § 


G 

© 


P 

CB 


p 

© 


5 W 


CO 

© 

© 


© 

‘© 


*© 

35 


P 

© 

tj) 

ce 

to 

•© 

3J 


-rt 


© 3 

CO *-r 

g « 

« -5 

a .£. 
© 


p * x 
© 

> » 
© . C 

Sti-s 

X --3 £ 

3 © 

.5P £0 


© 

•3 3 


© 


G 

O 


© 
© 

. p 

"© 35 


-3 

© 35 


O 

> 

c 

o 

© 

3 

cti 

© 

*5 

to 

G 

© 

P 

© 


co m cB . * 


° 5- = 

© - Ed 

g § © 

& § = 
1 ° 


3 © 

to X 


© 

X 


a; 

to tD 

C «— • 
rt 

C 

*2 o 

O co 
p <d 


c 

o 

-a 

p 

rt 

x 

o 

© 

35 

co 

© 

G 


P 

© 


-< > 


O 

to c 
G O 
CO © 

a © 
© 

£ -~ 
:® £ 
X > 
3 3 

® 8 
G 
CO 

s 


CO 00 
© 

>3 — 

_ p 


© 

p 
© © 


© 

X 

CO 

© 


p 

rt 

a 

*© 

p 

p 

3 

O 

.cu 

© 

> 


c . 

S’ 

•CO 


00 
‘© 
00 
© 
to a 


© ■— 


co 


w-i r/; 

w os 


= ® £ 

® ^ 03 

, m 

«5 cS ® 

to a ^ 


© 

c 

'© 

'a, 


c 

o 

v> 

© 

© 

p 

'S 

a 


rt 

a 

*© 

p 

C 

O 


3 

rt 


~ & CQ 

rt <35 

© c 
C o 


p 
3 
O 

a •*-» 


rt 


© 

£ 
o 
© 
o ® 

*— I © 

rt ^ 
~ © 
u ±* 
rt £ 
CL G 
© 


C 

O 

02 

CO 


o 
> 

p G 

cu o 


to X 
© © 
*3 os 

*? £ 


® G rj 

*£ S' cs 
£ '3 J 


© 

P 
> 

3 

8 

£ ^ j 

E 


© 

CO 

© 


X 

s 

© 

p 

© 

35 

to 

© 

C 

Tl 

© 

X 

X 


3 

O 

30 

© 

"3 


co 

© 

.E 

© *“• 
X © 

G X 

> x 
x co 

3 

cc 


p 

3 

O 

•4-J 

© 

3 

rt 

C 

o 

X 

fr-r 

rt 


> 

*■© 

u 

a 


c 

© 

a 

rt 

J 


art© 
6 -2 

© 
o 


§ -2 


CO 

u 
3 
O 
© 

G <© 
*CS .U 
m. © 

a 


k © 

33 

to 

© 


x. 

© 


©XX 


© *© 
*© .3 

co c 7£ 

^ © c 

.£ S I 

O bfi 

a 3 - 


i— 

3 


a « 


X ' c 


o > 
© 

co 

© 

C 


© o 

g ° 

rt © 


33 

G 

© 

• ^ 

© 

X 

*5 

a 

o 


c 

‘© 

a 

to 

.© 


rt ® © 
>-< 

O 
P 
G 


© 


© 

„£ x 

"3 

x ^ 

rC3 


o 

p 


© 


L 

° „3 

E ° 
© 

c* X X 

bD o 

^ © U 

9! t. »rj 

© r® 3 

u ? D g 

g « g 

a G C3 


00 © 
OO j_> 
-u, CO 

c o 

o 
a 


o 

> 

c 

o 

© 

© 

35 

to 

© 

to 

rt 

u 


3 ^ 

3 p w 

§ e -g 

G 2 ^ ** 

3 CO 

•a- * s 

£ ■§ 
© 3 


a 

© G 

to ^ 
w © 


93 


XT ® 

© ^ 

© . rt © 

© -< a ^ 


I CO 
to © 

G ^ 

^ § 

cr 


« -u 
> 


c 

V 

S uj 

c 

« -s 
3 05 

er ^ 

•j « 
CS tfl 

£ J 2 

3 
O 


© 

© 


© 


a x 
co s a 


CO 

© 

35 


73 

£ p 

«P X c 

^ &L O 

s C5 ”5 
^ -3 = 


•© 

c 

£ 

u 

® 


‘® 35 


P 

© 

O 

oS 


Ctf <5 


© W 
31 «- 

w © 

© ^ 


o 

a ° 

3 ^ 
Ctf Q5 

to ^ 

C 4-3 

*G co 
O <d 

a 

3 G 
OS © 

3 a 

o 

G c3 
P J 

a 


to 

© 

35 

* 

© 

C 


to 


iS x 

co © 
** © 
35 p 


© 33 

p~* » 


1 to 

r* © 

w CO 3 

© © X 


O X 
a ^ 
© 

© x 


o 

p 


p 

rt 


k © 

p 

3 


CO 

© 


© 

© 


© 


p 

© 

X 

CO 

© 

73 


© * 
ns g- 

« X! 

2 ^ 
C cS 
"*~* /-« 

"p T) 
© 


© '© 
G C 
£ 

E CO 


P 

C 


G 

cB 


C 

G 


c 

o 


3 © 

a< J 
© 


. CO 
r* P 
^ © 
irt S3 
C 

-CS S c 

o 

X u X 


CO 

Oi 

-oS 


X rt 
3 X 
CB © 


p X 


© 

35 

co 

© 

.£ 

T! 

© 


p 

3 

O 

■w 

© 

P 

3 

ctf 


cO 

X 

£ 

© 

p 


© 

35 


06 

P 


P 

cB 

P* 

© 

# P 

r» 

P 

© 

CO 


r- 

-cB 


CO 

o* 


i t 
.2 rt 
^3 *T 
© 

p . x 

3 / O 

© O 

4-» ^V 

o 
© 
p 


© 

35 

to 

© 

C 


© 

P 

© 

35 

© 

P5 

© 

> 

ce 

• to 

tD k © 

*rt 

wC 

- © 
X 

4-3 



X .p 

p 

-rt 

G 

© 

X 

0 

E 

0 

© 

© 

33 

0 a 

iO CO 

*© 

CO 

£ 

0 

£ 

£ 

© 

3 

■a rt 
-rt C-3 

p 

0 

—3 

0 

to 

A3 

0 

© 

0 

?n 

'Cr* 

C 

,p £ 
Id 


k © © 
£ ■* 

a ^2 

£ | 
S 5 


.3 *© 




© 

35 

© 

to 

as 

U> 

'© 

p, 

© 

X 


. X P5 


to 

3 

O 

c 

G 

£ 

p 


CO 

© 

35 

'© 

4-» 

*© 

’© 

o 

m 


3 

a 

3 

cB 

© 

£ 

X 

© 

cB 

£ 

© 

p 


O 

> 

CO 

C 

.2 

"3 

o 

co 

3 

O 


© 

£ 

© 

3 

x 

rt 

p 

a 


s « 
« « 
c ^ 

O ■§ 


fa o 

c 

4-3 

© © 
P 

© 35 

P G 


'© X 
rt 

p 
© 


ID ■■= 
3 .S 

CB -4J 


© © 
© 


© 

o 

CO 


© Q3 

35 © 


© 

*© 

£ 

C 

.2 

4-3 

© 

rt 

p 

4 -* 

© 

33 


- © 

W p-i 
P ^ CL 
3 4-> o 

K X ^ 
M *© IS 
© <T5 p 
p rt 

S* e ^ 
c 3 j: 
o 3 , o 
o'®® 


c •'® 

c c 




C V 

3 & 
® 2 ^ 
o 2 
cS. O ® 
!- "ii 
S 01 

6C 


© 


J -3 

a 


j- x g 

d g.2 

rt « 

© a 


p 
rt 
35 ’o 
W CB 

S g* 

op © 

« 0 
"3 © 

£ g 

3 X 
© 33 
© 

* P 
35 3 

© jg 

p ‘G 

® i 

4-3 CO 

rt *© O 
X 13 O 
© 

C « m 

tG ® £ 

rt c© 



et 

G. 



C AR AGTEniSTIQUES I)E I, A I.OGOMOTIVK. 


o o c o to c O <C O C O 

® o cr so © o • © ® ® ® © 

00 X' CN u? 00 kO — lO GO © 

Ift «* « C 05 *•> X o C-J X 

iO iO *<r cO *0 aC CO COi^’q' 


© ©®®©®®©©®©©®©©© o 

~ ©®®o© ©©©©©©©©©© © 

CO lOC^ 5 iW®fC'WCCiC^ff)X -r- 

r— C'U-' — Cv» X <r r- I ^ V* c. CN CN 

*.0 co •fl 1 »/: c cc *.^ i' co (- »r. ♦it tC © 

kO 


© 

d o 

•— u 


X 

3= P 


© 

C iO 

^ « O 



= .« 

x d 
<D 

u a* 
§ £ 


X 

> - 
^ a> 


p 

c 


8 '2 



= .1 
© u 

P c 
CS 

c o 

cd 

p 

© 

c 

d ^ 
*© 4= 

C o 

X ° 

© 

P 

o 

*o d 

X 

L- O 

© ^ 

*./n 

— > 
ra 

5-. 

»-H 




d 

^2 

£ 

u 

o 

p 

o 

o 

c3 

d 


o 

: P 

o 

O 

CO 

♦j 


© 

© 

X 

o 

.<© 


u 

© 

t- ; 

••“3 

ce 

CC 


u 

X 


© 

03 

© 


yOi © 0 ‘ Cl X © © iC o 

ec <• no cn ut' « fcc^ *-r* 


<M CO uO i.O © © O i.O -O *ft ® o 

«-?• CO -ST CN CO -S' CO (N«CC*!r CO 


lO 3C CO 
to ro -re <N ® 


OOOtOCN© CO.-r- 
CO «*- tO> CO CO C-' CO CM 


C5 Cf ^MvfQCOJJCyWrtrt^ 


»0 O-CCiMiftCOCOOOCiCiftCK 
CO C^C-I «oci CO 04 0-4 **- — s-i eo 


© O © © O O O > © O O © © .2 © TS ©a©©©©©©©,©©©©©© 


eo to co i— cc — wo 
r- co co co co co 


CO CO CO 04 wo 
CO CO 04 04 


J- fc. > > > Jh 

vno iO cC 


"t -re lO -re 
c i eo co 


COOXfMO «o cc x © © o 

o oc!* 3 iCJ ; o ©® © cn - co 


— « ® © <re © so to © © © to eo > o 

CO « COCOCOCOCOCOCOCOTOC^COCOCOCOCO 


> ► ►>>►>>>>;»>•>>►► 
04 ff-> *» c lO (N -fl 1 !N -!f C lO t- O 

, CO COCOCOCOCOCOCOCOCOCOCOCOCOCOCO 


uO OCiill-OC'.OOfO^CMl'vl'O 
© OOCt-t-t'CDC»»,«XOOOt'’w 


auoouo u UOQ.C3 CO 03 uso^ouuocuoou^u 


© »o ' 

^ •*? ^ fc-* 

' cf cT — ~ r~-~ 


o »o »o 

sr if5 iCt 


©' X I - X CO X > O 0> OtOO>CN 
1.0 »— O'* COSiiC^tNiC^ X **- 

x c>. co -(?iwcot-®oc--^r.> 


geo 

*■ C CO X 

* •’« x 


— O C 

o S § 
O O 


C o © © 

3 x X © fc r . lO 

E o c o ^ 


o **■ O s 

© co p: ® ~ 

«o _ *« S 


E o o i-i .' 

ggg ^^ 


s -ti 

, 04 


40 bo . 

— ^ bo i 
• <=> •* 
s 0.0 - 


; ,c c 

of ’ * X. 
r ? re re 

1 E E 

s = = 

re , S Sj 
a tn O 
E fe re 

M S 


x r * w 

.£ £ 

^ .2 * 

d cc 

X Q 

a : <V c 

U t - ,P 

*o °* 

> o 

L Cfi rt 

a > —* £ 

* a 5 O 

t - nJ 

X ** 


© 

r«5 


© 

© 

fcD 



a 

c3 

O 

d 


P 


CS 


•*-> 

4-5 

p 

cS 

© 

r*. 


§ rt - a.-rt o 

^ o * c ^ 

, CO -+J *2 

S ? 2 “> b 

5 3 a> cs jj 

ft g g - ‘3 

_ CC Q< -® 43 


t- - ® j: o P ?.. 

«"3 £ c •- 

*cc fcp o • o ; JH 

I ® c ^ 

> S c 2 "3 5 

Co® ® 

p C t- O Cj 



‘© 

© 

f r-| 
© 

t4 

P 

a3 

*d 

k © 


s- 

© 

•4-t 

u 

CS 

d 

s- 

p 

X 

X 

vj* 

4-3 

© 

4-5 

c 

s 

© 

*© 

.S 

-® 

.2 

£ 

© 

fciD 


cS 

o 

© 


*(h 

*§ 

t- 

< 

‘© 

<4-3 

CO 

o 

04 

£ 

© 

p 

cC 

U. 

oc 

S-. 

u 

© 

ce 

fP 


‘© 

c 


X 

d 

dl 


© 





TABLEAU II 


DATE 

Heure 

depart 

Direction 

Prcssion 
au depart 

^3 

t— 

» 

- « 

c 

o 

t- 

5 'C 

O S- 

t- 

d’sir | 





V 

c 




23-9 

7,43 

B 

98 

34 

25 

36 

8,15 

59.500 

a 

8,30 

B 

100 

20 

26 

48 

8,52 

50.000 

» 

9 * 

B 

102 

36 

27- 

50 

9.20 

50 . 000 

i >> 

9,35 

B 

401 

34 

33 

47 

10,5 

51.900 

)) 

H » 

C 

87 

30 

36 

3! 

11.27 

53 . 800 

! 

1 i ,33 

B 

105 

30 

’J«> 


11,50 

46.000 


12,2 

C 

100 

25 

32 

32 

12,30 

65.200 


12,40 

C 

91 

30 

27 

20 

13,15 

68.000 

» 

13,22 

B 

90 

0 L 

o O 

28 

35 

13,50 

52.800 

» 

14 

C 

80 

35 

36 

15 

14,25 

62.300 

25-9 

9 

c 

100 

25 

3G 

30 

9,30 

67.000 

.» 

9,40 

c 


"36 

36 

30 

10,10 

57.500 

» 

10,23 

B 

10D 

36 

3G 

46 

11 

51.900 

i) 

11.15 

B 

95 

36 

34 

40 

11,25 

52.800 

»> 

11,35 

B 

105 

36 

36 

40 

12,10 

C2.300 

» 

12,23 

C 

100 

35 

36 

38 

12,50 

59.500 

» 

12,57 

c 

90 

32 

36 

30 

13,30 

57.500 

» 

13,4! 

c 

95 

36 

27 

20 

14,05 

72.000 

X 

14,15 

c 

7 j 

36 

20 

15 

14,35 

57.500 

26-9 

8,12 

c 

105 

27 

36 

35 

8,40 

67.200 

» 

8 . o < 

c 

91 

30 

36 

10 

9,35 

75.800 

)* 

9,55 

c 

105 

30 

36 

32 

10,20 

70.000 

» 

10, 30 

B 

102 

34 

36 

45 

10,55 

54.800 


11,15 

B 

100 

35 

36 

40 

11,45 

57.500 

» 

12 . 

B 

105 

36 

36 

48 

12,18 

54.800 

* 

12.25 

B 

95 

35 

40 

41 

12,50 

51.900 

» 

13.08 

C 

100 

36 

36 

37 

13,33 

CO . 500 


1 3 , 

C 

110 

-35 

-36 

43 

1 1 , iu 

02.300 

1.652.300 


Le tableau IV se rapporte aux locomotives 
Schwartzkopf n° 3 et 4. 

II est juste d’observer dans tout ce qui suit 
que la locomotive en essai etait neuve, alors 
que les autres machines avaient deja deux 
annees de service. 


TABLEAU III 


DATE 

Heure 

lepart 

Direction 

"tr 

c ?. 

t/ 

s- 

83 

tr 

c 

tj. 

s= 

e 

a 

© 

L > 

Z t 


37 -9 

10 

C 

lUu 

30 v 

36 c 

35 

10.30 

62 . 500 

' i) 

11 

C 

105 

36 

36 

38 

11,24 

64.3(10 

» 

11,32 

B 

115 

36 

34 

67 

11.58 

46.100 

)i 

12,7 

B 

110 

36 

34 

60 

12,27 

48.000 

» 

12,34 

B 

105 

36 

36 

50 

12,56 

52.800 

)» 

13,3 

B 

108 

36 

36 

57 

13,27 

49.000 


13,34 

B 

100 

34 

36 

57 

14 

41.300 

» 

15.30 

C 

75 

10 

35 

25 

16,8 

48.000 

» 

16,27 

c 

95 

14 r 

17 

33 

17 

59.600 

» 

17,35 

C 

100 

14 

35 

28 

18,10 

69.100 

» 

18.17 

B 

90 

14 

30 

38 

18,40 

50.000 


18,30 

B 

100 

14 

34 

42 

19,25 

55.700 

28-9 

9,55 

C 

100 

36 v 

36 

38 

10,28 

59.500 

» 

11.15 

B 

105 

34 

36 

■48 

12 . 

54.800 

)) 

12,7 

C 

105 

32 

36 

44 

‘12,25 

58. GOO 

)> 

12,46 

C 

100 

36 

36 

35 

13,10 

62.500 

» 

13,24 

c 

HO 

36 

36 

49 

13.55 

58.600 

)> 

-14,8 

c 

100 

36 

36 

40 

14,35 

57.600 

)) 

15,50 

c 

92 

14 

18 

30 

16,25 

59.600 

» 

16,51 

c 

102 

14 

32 

31 

17.35 

68.100 

)) 

17,5; 

B 

100 

14 

34 

42 

18,25 

55 . 800 

» 

18,40 

B 

90 

14 

32 

36 

19,10 

51.900 

)> 

19,17 

c 

100 

14 

34 

30 

4 0 A". 
1 ^ 7 -* 

67.200 









1 ,300.600 


Nous avons etabli les tableaux V, VI et VII 
de comparaison en nous basant sur des par- 
cours et destravauxde meme grandeur. 

Si nous comparons la totalite du travail 
fourni par chaque locomotive pendant le 
service du fond, nous obtenons le tableau 
comparatif suivant : 
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TABLEAU IV 


Locomotives Schwartzkopf 


DATE 

Heure 

depart 

N' 

machine 

Direction 

Pression 

au 

depart 

Charge 
a Taller 

Charge 
au retour 

Pression 
a l’arrivee 

Heure 

d’arrivee 

Consommat. 

dair 

19 9 

16,53 

4 

B 

100 

16 r 

19 c 

50 

17,18"" 

65 500 

» 

17,52 

4 

B 

105 

12 r 

22 c 

. 45 

17,55 

78 . 500 

» 

» 

)) 

W 

>» 

17 v 

» 

» 

» 

» 

20-9 

8,11 

3 

c 

97,5 

20 v 

34 c 

40 

8,53 

75.200 

>> 

8,23 

4 

B 

90 

16 

34 

45 

8,50 

59.000 

. 

8,37 

4 

B 

100 

36 

29 

44 

9,14 . 

73.200 

n 

9,4 

3 

C 

90 

36 

40 

40 

9,35 

65.500 


9,48 

/j 

B 

- 87,5 

34 

40 

- 30 

10,15 

75. 1 00 

26-9 

11,53 

4 

c 

90 

J6 

36 

32 

12,27 

76.060 


12,32 

4 

c 

100 

36 

36 

34 

13,3 

86.506 

27-9 

11,42 

3 

B 

80 

35 

35 

27. 

12,3 

69.560 

D 

13,50 

3 

C 

95 

36 

36 

27 - 

'14,8' 

89.000 

» 

13,20 

4 

C 

87 

30 

35 

35 

13,40 

68 000 

» ' 

14,5 

4 

B 

100 

30 , 

34 

42 

14,30 

76.000 

» 

15,9 

4 

B 

105 

16 r. 

\ c 

50 

16,40 

72.000 

» 

-17,20 

3 . 

B 

87 

16 r 

0 

50 • 

17,40 

48.500 

B 

18,5 

3 

B, 

100 

16 r 

35 c 

35 

18,35' 

85.000 

» 

19,5 

4 

B 

100 ' 

16 r 

26 

42 

19,40 

76.000 

28-9 

11,22 

3 

B 

100 

- 30 

34 

44 

12,3 

73 200 

> 

12,20 

3 

C 

95 " - 

34 v. 

36 . 

. 25 

12,50 

9' 1.706 

» 

1 1 ,5 

4 

C 

90 

34 

35 

35 

11,35 

72.000 

» 

11,50 

4 

B 

101 ' 

35 

35 

42 

12,20 

77.200 

» 

15,30 

3 

C 

98 

10 

10 

60 

16,20 

49.800 

» 

16,40 

3 

B 

100 

16 r 

34 

33 

17,30 

87.800 

» 

15,25 

4 

B 

95 

14 v 

16 c 

46 

16,5 

64.000 

» 

16,15 

4 

C 

105 

16 r 

34 

40 

16,50 

85.600 


TABLEAU V 

Parcours B falter berlines vides, retour berlines de clxarbon ) 600 m. 



Locomotive 

Locomotive 

Locomotive 


en essai 

Schwartzkopf n’ 3 

Schwartzkopf n'4 

Date de l’essai 

21 septembre 1922 

20 septembre 1922 

20 septembre 1922 

Heure de depart de la locomotive 

12 heures 

9 h. 40 

9 h. 19 

Heure d’arrivee de la locomotive 

12 h. 23 

10 h. 05 

9 h. 42 

Nombre de berlines vides transportees ... 

34 

34 

36 

Nombre de berlines pleines transportees 

34 

32 

32 

Pression d’air au reservoir au depart. . 

77 kg. 

95 kg. 

• 100 kg. 

Pression d’air au reservoir a l’arrivee : 

33 kg. 

45 kg. • 

■ 45 kg. 

Duree'du parcours total 

23’ 

25’ 

23' 

Consommation d’air totale 

42.200 litres 

65.500 litres 

70.800 litres 

Poids total des trains remorques : 




Alter 

15 tonnes 

15 t. 200 

15 t. 700 

Retour 

35 t. 700 

32 t. 100 

32 t. 100 

Tkm. totale 

• 29,22 

■ 28,44 ■ 

28,68 

Tkm. utile ...... 

■11,22 

40,56 ■ 

10,56 

Consommation d’air par : 

• • ^ 



Tkm. totale 

1 445 litres 

2.303 litres 

2.468 litres 

Tkm. utile -. . . .’ 

3.761 litres 

G.202 litres 

- 6.704 litres 





TABLEAU VI 


Parcourt B taller berli'ues do remblai , retour ber lines dc cliarhonj 



Locomotive 

Locomotive j 

Locomotive 


en essai 

schwartzkopf n‘ 3 

Sebwartzkopf n‘ 4 

Date de l’essai 

28 septembre 1922 

27 septembre 1922 

27 septembre 1922 

Heure de depart 

17 h. 53 

18 h. 05 

19 h. 05 

Nombre de berlioes transportees : 




Aller 

U 

16 

16 

Retour... 

34 

35 

26 

Duree du parcours 

30' 

30’ 

35’ 

Pression d’air aux reservoirs : 




Depart 

100 kg. 

100 kg. 

100 kg. 

Arrivle 

42 kg. 

35 kg. / 

42 kg. 

Consommation d’air totale . . . .- 

55.800 1. 

85.000 1. 

76.000 1. 

Poids total des trains remorques : 




Aller 

18 t. 4 

20 t. 3 

20 t. 3 

Retour 

33 t. 7 

34 t. 7 

27 t. 5 

Tonne kilometrique totale 

31,26 

33 

28,68 

Tonne kilometrique utile 

16,26 

17,23 

14,34 

Consommation par tonne kilometrique totale 

1.785* 

2.575* 

2.649* 

Consommation par tonne kilometrique utile 

3.430* 

4.933* 

5.298* 

■ 

TABLEAU 

VII 



Parcours C (aller vide , retour cliarbon) 1.000 m. 



Locomotive 



Locomotive 

Locomotive 


en essai 

Schwartzbopf n" 3 

Sebwartzkopf n‘ 4 

Date de l’essai ........ 

28 septembre 1922 

27 septembre 1922 

27 septembre 1922 


12 h. 07 

13 h. 50 

13 h. 20 

Heure d’arrivee 

12 h. 25 

14 h. 08 

13 h. 40 

Duree du parcours : 

18’ 

18’ 

20' 

Nombre de berlines : 




Aller 

32 

36 

30 

Re tour./! 

36 

36 

35 

Pression au reservoir : 




Depart 

105 kg. 

95 kg. 

87 kg. 

Arrivee 

44 kg. 

27 kg. 

35 kg. 

Consommation d’air totale 

54.800 litres 

89.000 litres 

68.000 litres 

Poids total transports ; 




Aller 

14 t. 5 

15 t. 7 

14 t. 2 

Retour.. 

35 t. 3 

35 t. 5 

34 t. 7 

Tonne kilometrique totale 

48,9 

. 51,2 

48,9 

Tonne kilometrique utile . . . ■ 

19,8 

19,8 

19,25 

Consommation par tonne kilometrique totale 

1.120 litres 

1.738 litres 

1.390 litres 

Consommation par tonne kilometrique utile 

2.767 litres 

4.491 litres 

3.532 litres 


Avant la guerre, comme nous le disions au 
commencement de notre premier article du 
mois d’aout 1922-, la traction a l’air comprime 
etait l'apanage presque exclusif de la construc- 
tion etrangere. En publiant les resultats que 
nous avons obtenus, nous voulons simplement 
prendre rang parmi ceux’qui cherchent a 
secouer cette hegemonie et'tentent un effort i 
vers l’independance. 


' 

CuJIsiHIlHUiUeH 

L’HJtrl 

kilotuctrit|ues 

C»ns«i ittal. 
}>. 

kilometri- 

. 

CoRluItt' 

{nation 


toUHe d’air 

Uta!es 

que Ulale 



fournica 

litre! 

en 

Locomotive en 
en essai 

4.541.700 

3.175,95 

1.430 

74,5 

Locomotive 





Schwartzkopi 

r. 975. 500 

1.026,5 

1.924 

100 




97 







98 


tc_d m 'n a i <D o» 



§ a -3 ® 2 <£ 

9 ^ ^ O ^ Q 
° ?? *5 a +s ^ 


5,4 a. a H.9 0.9-3 «• c'o J-3 | t' 


ct 

0) 

•rn 

<o 

to 

D 

-t3 

d 

Ih 

H 

d 

o 

u 

T 3 

C 

d 

c 

o 

«-, 

M 

<U 

jd 

H 


c-i 

CS 


oi 

H 

i-J 

fc> 

*~3 


CO 

<U 

C 

• l-H 


c 

d 

a 

Jm 

<U 

O 


CO 

O 

O 

o 


Vi 

• r-H 
< 


a 

►G 


. G o 

to 5 n3 3 +j 

-*"* O rj O 

c c--5 h a 

o fl'M 

,r -» o © 


4) 


Q) 

t-:-3 
*>-°§ 


<D 0) 

V. rO 

3 G 

CO 

to 


43 <4-t T3 

v o „ 
Q* -15 


5 © 

S.s 


60 

g S-* 

e 

to _ s P 

s o.* a 

- .- 5 - gS 
•5 ^ g “ 2 'c 
boS'P's’^ 

'O 13 " ® rt 
-2 15 ® | £ 
O +> a « 5 t 

9 o ^ • M 

-O p-, t_, ~+ 

S co a-, -tr-G , 
►MOO’ c8'^ 


c 

® 

c 

■5 

U5 

uj 

>. 

m 


i a: 

’O X 
O 

t-. k . 


^ 1-2 
1_J -G 

j- 4J -*-> 


3 « 

I o' 

2 


G3 

a> 

t_ 

Cl, 

to 

£ ,g 

5 

QJ 

co 

co 

g 

p 

o 

G 

<D O 

"H .5 
.Hi; 

d 

8 

CD 

V 

c 

*5 

l cv 
ia 

tf 

G 

a 

v> 

c 

4) 

fcP 

G 

O' 

® • 
~t-» ^3 

►14 

v. 

C 

£ 

a 


CO q; 
O 

£ 


o 

U 


d 

o 

►Q 
'. d 





i V ~3 


- C « - £ 


= .:s 
- S i^ 


£v O *" 

| 3 J 

T) ^ 
4J 4> <* 

fc* . ‘t 

«« £ &. 

e 


^ - 




99 



Tractive Force = 1.000 to 2,200 lbs. (20-30 h.p.). 



140 Galls. (4 Tons). 280 Galls. (6.5 Tons! 300 Galls. (7 Tons) 


Fig. 3. — Outside Dimensions of Compressed- Aib Locomotives Used in the Ruhr Mining 

District 


the pipe-line can be accomplished in about to 2 
min. Small-bore tube', are recommended, as they 
can be easily shifted if required, and the flanged 
joirits can be kept tight without difficulty Pipe- 
lines of large diameter are not laid over long dis- 
tances, even if the large capacity of such pipes 
might serve as air storage. Preferably, special 
arrangements are made for the storage of com- 
pressed air, consisting of a group of seamless 
cylinders, generally placed near the piping leading 
down the shaft or at some out-of-the-way place. 

Such compressed-air locomotives are built either 
as main-road or gathering locomotives, and weigh 
from 3.5 to 7 tons. Their power is from 10 to 
32 h.p. With a wheel base of 3 ft., curves as 
sharp as 20 ft. radius can be passed easily. More 
powerful compressed-air locomotives are used for 
tunnel work, and in plants exposed to danger from 
fire. Bv fitting a larger number of storage 
cylinders, the power of the engine can be increased 
as desired, but the general design remains prac- 
tically the same as that of the locomotives de- 
scribed. If the engines are to be worked in a 
cold climate, the working air is heated by a coke 
or charcoal fire. 



A ugust 1st, i;iJ4 
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Compressed Air Haulage in the 
Coal Mines of Western Canada 


By S. A. WILLIAMS 


The history of tiie compressed air locomotive for 
mine haulage dates back to 1873, and the use of this 
form of tractor was inspired mainly by a desire to 
obtain increased safety, reliability, and simplicity in 
this field of work. Indeed, the elements of safety and 
reliability have determined, in most cases, preference 
for compressed air haulage over electric traction. Only 
a few compressed air locomotives were built between 
1873 arid 1897. but in the thirteen years following sev- 
eral hundred single-expansion locomotives of this type 
were constructed principally for underground haul- 
age in coal mines. From l!)OS until the present time, 
a large number of 2-stage or compound compressed air 
locomotives have been built. The compound air loco- 
motive is from 30 to ■’>() per cent more efficient 
than the single-expansion engine, and for that reason 
the majority of the installations since IPOs have been 
of th e 2-stage or compound tvpe. 

'Fhe first air-haulage plant in western Canada was 
installed nineteen years ago at Coleman. Alberta, bv 
the International (Hal A Coke Company. Ltd. This 
plant consisted of a 1 >2 F compressor and three air loco- 
motives built by the Canadian Kami Drill Company. 
Ltd., ot Sherbrooke, l^iie.. now the Canadian Ingcrsoll- 
Rand Company. Ltd. This compressor had duplex 
steam cylinders of lti-rneh bore and 24-ineh stroke and 
the air was coin pressed from atmospheric pressure to 



other intercooler to the third stage, at which it was 
compressed to about 377 pounds by a plunger of 9-inch 
diameter and 24-inch stroke, and finally passed through 
another intercooler on its way to the fourth and last 
stage. In this stage, a plunger of 5-inch diameter and 
24-inch stroke compressed the air to the final dis- 
charge pressure of from 1,000 to 1.200 pounds. The 
first and the second-stage cylinders were double act- 
ing. that is. the air was compressed on both sides of 
tire piston ; and the third and the fourth stages w.-re 
single-acting plungers — the air being compressed on 
one side of the plunger only. The third and tire 
fourth-stage plunger’s were packed with metallic pack- 
ing rings. 

The air line consisted of a quantity of extra-heavy 
piping tested to a pressure of 1.800 pounds per square 
inch: and the charging stations were placed at ‘m- 
mouth of the mine ami at partings. These charging 
stations were provided with flexible couplings so that 
the locomotives could he charged in a fraction of a 
minute ( if the locomotives put in service at Ob-- 
inan in 19"4. one had duplex cylinders of 6-inch lege 
ami 10-inch stroke and the two others had duplex cyl- 
inders of 7-inch bore and 10-inch stroke. The air 
tanks carried by these locomotives were charged to a 
pressure of 800 pounds, and the air was passed through 
a reducing valve at a pressure of about 160 pounds. 

It then entered the cylinders, and. after m-r 
forming its work there, was exhausted ; ; t < 
the atmosphere. The grade of the track ii 
this mine is about one-halt of one per , .-n 
m favor of the load, iuI ears. The hire-. 
locomotive was used for Tie- main hau’sgi 
and the smaller ones for gathering t li ** had 
and for distributing the empties. 

It is now nineteen years ago since 
plant was obtained, and the eem 

and two o| the locomotives s- d 1 r n 

t unions Service ( )||e of tile „-o |i ; „ ' j v, -s - ,, 



Double-t,in|< type of compressed air loco- 
motives, built in Canada, have been used 
for years at collieries in Alberta. 

a final discharge pressure of from 1 .000 
to 1.200 pounds. The low-pressure air 
cylinder was 18 inches in diameter and 
bad a stroke of 24 inches; and the air 
1,1 -this cylinder was compressed to 
from 27 to 30 pounds. The air was 
then passed through an overhead in- 
tercooler to the second-stage cylinder, 
ot lOLb-ineh bore and 24-inch stroke, 
find compressed to about 100 pounds. 

\'evt + i,„ • j , Close-up of the cab of a compressed air locomotive. The engineer’s 

xt, the air "as carried through an-, nd it is 

easy for him to step out and onto the ground or vice versa. 


seat is low 


was I ' ' \ . . t . : • : i ; 1 la m jure. ! unit . 

Tim p v. 1|( v.'iis ? > u i ! i . i i I;,-' fall, flit the coin 
pros*..- v as p ;>s;r.', i ata! w;is a-t.tn in ratinmj; <>r«)oi 
ill ; i ! ■ 1 1 a Diolirii. S.lin 1!» 14. t:.c i 1 U r 1 1 ;i 1 louiil t'oa! 

A ('or, i Vmpany has sn stp 1 ! . . ] tv.-., more high-pivs'.urc 
coin |ii'", ■ is ul !!,. s.-.iin imparity and lias also put in 
M-rvin s-ViTi, ! L'-slaJ** iix-njiioU yes of t In* I'orlcl type. 


n ; i ties, ti.eetlier with several Porter locomotives. 

1 Km t tiiai time the West Canadian Collieries adopt- 
ed air haulage in their mines at Lille. Alberta. They 
installed a high-pressure com pressor and Porter loeo- 
mot i ves. The IP W. McNeill Coal Company at Can- 
more. Albcta. and the Ilosmer mines. Ilosmer, B.C.. 
next followed the lead, and then the Corbin Coal and 
Coke Company at Corbin. B.C.. installed a eross-eom- 
ponnd compressor and 2-stage it i r locomotives. Tliese. 



In PKl.'i. the Bankliead Mines at Bankhead. Alberta, 
installed a cross-compound. Corliss, st ea ni-eondeti'ine 
air eom ] ip-ssor. having a capacity of 1 >4 ( i mine fed 
per mitntle. and compressed air locomotives of the 
double-tank lype. all of wliieh were bnill in Canada. It. 
ti.e same year the Crows’ Nest Pass t dial Company 
e.jii i ppm] their No. S mine at Michel. Pd'., for air haul 


it is said, were the first 2-stage or eomponml loco- 
motives in wesiern Cattada. 

The 2-stage locomotive was designed to expand the 
air in two successive cylinders with an atmospheric m- 
terheater placed between them — the exhaust air Innn 
the h ieh- pressure cylinder passing through this mm-- 
heater i, n its way to the low-pressure cylinder. 1 he m- 



A 6x10 air-driven locomotive. One 
of the Units in the Service of the 
International Coal and Coke Coy. 
Coleman, Alberta. 


age. This plant consisted of a Rand. Class B2T com- 
pressor and Porter air locomotives. In 1908. this com- 
pressor was sold and a cross-compound, Corliss con- 
densing compressor, with a capacity of 1.346 cubic 
feet of air per minute, was substituted. Within the 
year, the Crows’ Nest Pass Coal Company put a du- 
plicate of the compressor at Michel in their Coal Creek 


♦erheater is constructed on lines similar to those of an 
intercooler on an air compressor, but instead of water 
a current of air from the surrounding atmosphere is 
drawn through the tubes. The temperature of the 

exhaust air from the high-pressure cylinder is about 
140 deg. F. below that of the atmosphere. This air 
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surrounds the tubes in the interheater, and, in conse- 
quence, enters t lie low-pressure cylinder at nearly the 
same temperature as that of the atmosphere. The air 
enterin'; the high-pressure cylinder lias a pressure of 
about 2f>0 pounds, while the air fr<)in<r into the low- 
pressure cylinder lias a pressure of about dfi() pounds, 
while the air going into the low-pressure cylinder has 
a pressure of about fit) pounds. 

In .11)111, the Jasper Park Collieries, Pocahontas, 
Alberta, installed a compressor and put in service 
three (ixl2xl2-inch Porter locomotives; and eight 
years later the MeGillivray Creek Coal & Coke Com- 
pany at Coleman. Alberta, decided to equip their prop- 
erties for air haulage. It might he mentioned in pass- 
ing:. that Foley Profilers. Welsh <fc Stewart employed 
a compressed air haulage plant at each end of the 
Connaught Tunnel, at Rogers Pass, on the main line 
of the Canadian Pacific Railway. This is a double- 
track tunnel, five miles long. The locomotives were 
used to haul standard railway dump ears that were 
filled with rock by air-driven shovels working in the 
funnel. Small air locomotives were also used to haul 
the muck out of the pioneer tunnels. 

Compressed air haulage was chosen for this work 
only after a thorough investigation id' the different 
types of haulage; and it is evident that this system 


came up to expectations, inasmuch as the funnel was 
completed ."Ui4 days ahead of the specified time — the 
contractors earning a substantial bonus in consequence 

Compressed air haulage is simple, reliable, and effi- 
cient. and a man with ordinary intelligence can. in a 
very short time, become an expert “dinkey" runner. 
The smaller sized locomotives of this character will 
operate over curves having as much as a ]2-l’oot radius. 
In gaseous coal mines, lumber yards, explosives fac- 
tories. textile plants, etc., the compressed air loco- 
motive assures a measure of safety that cannot lie 
claimed for engines of other kinds, as evidenced by 
actual experience. 

Several years ago. a mine in the Alberta district 
caught fire. The compressor was promptly stopped ; 
a large pump was connected to the air line; and by 
thus converting the system into a water line the lire 
was put out. In eases of emergency, such as a break- 
down of the regular low-pressure compressor plant, 
the high-pressure air can lie reduced to 100 pounds and 
used to operate “ Jaekhaniers' J and .direct-acting 
pumps. Out of a total of twelve air haulage installa- 
tions in western Canada, the Canadian Ingersoll-Rand 
Company supplied the compressors for eleven — or a 
total of fifteen machines. 



Utilisation of Power in Canada 
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Small Compressed Air 
Locomotive 

A small mine locomotive, which is 
illustrated in the accompanying cut, 
has recently been developed by Messas. 
Demag, of Duisburg, Germany, where 
it has been used in coal-mining oper- 
ations, though not necessarily limited 
to this class of work. 

In its design dimensions have been 
reduced to a minimum. It can be 
moved onto the cage without disman- 
tling further than removing the driver’s 
seat. This is a small sheet-metal cas- 
ing, without fittings, which can be 
easily attached or removed. It can be 
readily moved from level to level or 
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Locomotive 
used in 
coal mines 
in Germany, 
which is so 
small it goes 
into the cage 
without 
dismantling 


1925, P.196 



to the surface for repairs. Attention 
has also been paid to reducing the 
weight of the engine so that it may 
be used on the lightest rails in the 
furthest workings. The locomotive is 
able to haul 16 to 20 tons, depending 
on conditions. 

Reservoirs of 7 to 9 cu.ft. capacity 
are sufficient for covering a distance of 
4,000 ft. going and returning with the 
load mentioned and at a loading pres- 
sure of 2,200 to 2,500 lb. per square 
inch. A compound compressed air 
engine with intermediate heating of the 
working air is used for driving. Other 
data of the locomotive are as follows: 


Weight, empty, tons 2 

Speed, miles per hour 4 to 6 

Traveling: pressure in cylinders, 

lb. per sq.ln 205 to 235 

Useful performance, tons per 

mile per hour 7.2 

Width of engine, in.... 311 

Number of axles 2 

Output normal, lip 4 

Output maximum, hp G 

Puli normal, lb 330 

Pull maximum, lb 550 

Length of engine, in. 783 

Height of engine, in 4 9 

Axle distance, in 20£ 
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Ueber Druckluftlokomotiven. 

Von Ingenieur E. Herms. 


Die Druckluftlokomotiven werden in den 
letzten Jahren in Bergwerksbetrieben aller Art 
den anderen Triebkraften vorgezogen. Der Bau 
dieser Lokomotiven mit grofiem Fahrbereich 
wurde jedoch erst nach Einfiihrung nahtloser 
Stahlflaschen ermOglicht, in denen die zu einem 
wirtschaftlichen Betriebe notwendige Luftmenge 
mit der hohen Pressung von 250 at aufge- 
speicliert wurde. 

Da sich fur die Streckenforderung unter 
Tage die Druckluftlokomotive am besten eignet, 
muBte man auf die Durchkonstruktion derselben 
ganz besonderen Wert legen. Selbst bei Schlag- 
wetter in Steinkohlengruben kann man die Druck- 
luftlokoniotive ohne Gefahr verwenden, da diese 
durch den Auspuff die Luft verbessert und 
wegen ihrer geringen Bauhohe auch niedrige 
Stollen befahren kann. 

Auf den Zechen des Oberbergamtsbezirkes 
Dortmund befanden sich beispielsweise im 
Jahre 1920 insgesaint 634 Druckluftlokomotiven 
in Betrieb, die rund 13 Mill, t Kohle forderten 
und damit einen sehr erheblichen Anted an der 
37 Mill, t betragenden Gesamtlokomotivfoi derung 
gewonnen batten. 

Der Bergwerksbetrieb verlangt eine kraftige, 
betriebssichere Lokomotive, deren Einzelteile 


sich beinr Befordern in die Grube bequem im 
Fttrderkorb unterbringen und schnell und leicht 
unter Tage montieren lassen. Die Druckluft- 
lokomotiven werden fiir Grubenbetrieb in der 
Hauptsache in drei Grofien gebaut, und zwar 
als NonnaUbkomotiven fiir den Verkehr in den 
Hauptquerschlagen zum Befordern langer Ziige 
zum Schacht, dann als Zubringerlokomotiven 
fur den Verkehr in den Nebenstrecken und zum 
Zusammenstellen zu Hauptffirderzugen und als 
sogenannte Vorort- oder Zwerglokomotiven, zum 
Wegschaffen der Kohle unmittelbar vor Ort. 
Die Druckluftlokomotiven bestehen gewfihnlich 
aus drei Teilen, dem Untergestell , dem Druck- 
behalterbiindel und dem Fiihrerstand. Diese 
drei Teile lassen sich unter Tage schnell und 
sicher zusammenselzen. 

Die Druckluftlokomotiven werden fiir alle 
iiblichen Spurweiten gebaut. Das Untergestell 
besteht entweder aus flufleisernen Langs- und 
Querblechen oder wird je nach Grofle desselben 
aus GuBeisen oder FlufieisenformguB gegossen. 
Das Triebwerk, die Zylinder und die Steuerung 
werden ]e nach der groBten Lokomotivbreite 
innen oder auBerhalb des Rahmens angeordnet. 
Auf dem Untergestell ruht das Behalterbiindel, 
das aus drei, vier, fiinf oder mehr nahtlosen 
Stahlflaschen bestehen kann. Letztere werden 



auf dem Untergestell mittels zwei oder drei - 
kraftigen Zugbandern befestigt, um ein Ver- 
schieben dieser Flaschen in der Lfingsrichtung 
bei StoBen und Entgleisungen zu verhindern. 
Die Anordnung von mehr als vier Stahlflaschen 
mit kleinerem Durchmesser bietet den Vorteil, 
daB der Schwerpunkt der ganzen Lokomotive 
tiefer liegt und beim schnellen Durchfahren der 
Kurven bei kleinen Spurvveiten ein Kippen ver- 
hindert wird. Verbindungsrohre und Flanschen, 
die bei den standigen Erschiitterungen leicht 
undicht werden, sind wegen der hochgespannten 
Druckluft nach Moglichkeit zu vermeiden. Die 
Flanschen der Flaschenhalse schraubt man auf 
eine 20 mm dicke Stahlplatte, durch deren 
Kanale die einzelnen Behalter untereinander 
verbunden sind. 

Die im Behalterbiindel mit 100 — 175 at auf- 
gespeicherte Druckluft wird durch einen Haupt- 
absperrhahn fiber ein Druckminderventil , das 
den Druck auf 10 — 14 at drosselt, in einen 
darunter liegenden Arbeitsluftkessel geleitet, der 
von vielen dunnwandigen Rohren durchzogen 
ist, durch die wahrend der Fahrt die warme 
Grubenluft als eine kostenlose Vorwarmequelle 
fur die durch den plotzlichen Spannungsabfall 
stark abgekfihlte Luft stromt. Yon hier wird 
die Luft durch ein Fahrventil ftir den Hoch- 
druckzylinder entnommen, welclie denselben mit 
etwa 3 at nach der Arbeitsleistung wieder ver- 
laflt, um durch einen Zwischenwarmer gleicher 
Bauart des Arbeitsluftkessels in den Niederdruck- 
zylindcr zu stromen, wo sie schlieBlich bis auf 
nahezu Atmospharendruck ausgenutzt wird. 
Durch den ersten Vorwamer wird das in den 

1 Iochdruckzylinder eintretende Luftvolumen auf 
annahernd gleicher GroBe erhalten und ein ge- 
ringerer Luftverbrauch als bei den fi filler iiblichen 
Zwillingsmaschinen erzielt. Durch beide Vor- 
warmer wird auBerdcm das Yereisen der Zylinder 
vermieden. Durch die Exhaustorwirkung der 
ausstrOmenden Luft aus dem Niederdruckzylinder 
wird das Durchstromen der Grubenluft durch 
die Vorwarmer noch beschleunigt. 

Ueber 10 — 14 at Arbeitsdruck ist der Tempe- 
raturabfall im Zylinder und ferner der Luft- 
verbrauch zu groB. Das Fahrventil ist haufig 
so eingerichtet, daB es normal fur einen Be- 
triebsdruck mit 6 at in den Zvlindern zu arbeiten 
gestattet, um dadurch einen sparsamen Luft- 
verbrauch zu ermoglichen. Nur fur Lastfahrten 
bergaufwarts und wenn vorubergehend ein 
hfiherer Druck in dem Zylinder gebraucht wird, 
steigert man den Einstromungsdruck bis auf 14 at. 

Die aufgespeicherte Luft reicht fiir eine 
Fahrstrecke je nach GrbBe der Lokomotive von 

2 — 6 km. Das Fullen erfolgt mit einem 12 mm 
lichten Stahlrohr und nimmt einschliefilich Ver- 
bindung und Losen der Schrauben ungefahr 
2 Minuten in Anspruch. 

Die Druckluftlokomotiven werden als Zu- 
bringer- und Ouerschlaglokomotiven mit einem 


Gewicht von 2 — 20 t gebaut, Die Leistung be- 
tragt 10 — -150 PS bei einer Hochstgeschwindig- 
keit von 5 — 12 km/Std. 

Bei einem Radstand von 800 — 950 mm 
kOnnen Kurven bis herab zu 6 m Radius be- 
fahren werden. GroBe Maschinen sind im 
Tunnelbau und feuergefahrlichen Betrieben sehr 
begehrt. Durch groBere Behalterzahl und Be- 
halterlange kann die Leistungsfahigkeit auf jede 
gewunschte Hohe gebracht werden. Sobald die 
Maschinen bei niedriger Temperatur arbeiten 
mussen, wird zur Erwarmung der Arbeitsluft 
eine rauchlose Koks- oder Kohlenfeuerung vor- 
gesehen. Fur Signale befindet sich auf dem 
Fuhrerstande eine Handglocke. 

Neuerdings sind Zwergdruckluftlokomotiven 
gebaut worden, bei denen nur der Fuhrersitz 
abgenommen wird und die Lokomotive im iibrigen 
mittels Forderkorb in die Grube befOrdert werden 
kann. Der Fuhrersitz ist ein kleiner Blechkasten, 
in dem keinerlei Armaturen untergebracht sind 
und der vom Fiihrer leicht an- und abgehangt 
werden kann, ohne daB Rohrleitungen u. dgl. 
gelost werden mussen. Flierdurch entsteht eine 
Reihe Vorteile. Einmal kann die Lokomotive 
wahrend einer Schicht auf verschiedenen Fcirder- 
sohlen benutzt werden, indein sie mit dem Forder- 
korb wic jeder Forderwagen von einer Sohle 
zur anderen gebracht wird. AuBerdem kann die 
Lokomotive im Fall einer notwendig werdenden 
Ausbesserung schnell fiber Tage beffirdert werden, 
wo die Arbeiten viel schneller und besser aus- 
zufuhren sind als in der Grube. Diese Zwerg- 
lokomotiven haben ein kleines Gewicht, damit 
sie auf den schwachstcn Schiencn bis in die 
entlegensten Orte verkehren konnen. Das Ge- 
wicht ist kaum groBer als das eines beladeneu 
Forderwagens neuester Bauart und betragt etwa 
2 t. Die Dauerzugkraft ist 150 kg, die grOlite 
220 kg, so daB die Zwerglokomotive je nach 
dem Lauiwiderstand der Wagen, 8 — 10 Wagcn 
ziehen kann. Die Luftbehalter von 0,2 — 0,25 cbm 
GrotSe genfigen, um bei einem Fiilldruck von 
* 5 ° 175 at bei der angegebenen Belastung 

eine Strecke von 1200 m bin und zuriick zu 
durchfahren. DerAntrieb dieser Zwerglokomotive 
erfolgt durch eine Verbundmaschine mitZwischen- 
erwarmung der Arbeitsluft. Die Lokomotive hat 
ein Leergewicht von 2 t und fahrt mit 7 — 10 km 
Geschwindigkeit/Stunde. Der Fahrdruck im 
Zylinder betragt .14 — 16 at. Die Lokoinotiie 
hat eine Nutzleistung von r2 Nutztonnen Kilo- 
meter je Stunde. 
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Table 69. Compressed-air Haulage Plants 


Mining Engineers’ Handbook by Robert 
2nd Edition, 1927 


Table 11. Compressed-air Haulage Plants 


Corn pressor 
3-stage 

Air line 

Locomotives 

Total 

cost 

Round 

Train, to ns 

Cost, i per 
net 

Cu ft 
free air 
per min 

Press, 
ib per. 
sq in 

L’gth, 

ft 

Diam. 

in 

No 

cyl 

Size 

cyl, 

in 

Wt, 

tons 

trip, 

ft 

gross 

net 

ton 

ton- 

mile 

(a) 375 

700 

9 600 

4 

2 

7x14 

8 

»I3 673 

5 IOO 
f 3 20c 

62.4 

42 


1.875 

(&)■■■• 


4 200 

5 

2 



13 701 

{5 zoo 



3.6 


W... 

700 

4 100 

S&3 

l 

9x14 




15156 

9 000 

87.7 


r 

I-2S* 

1-39 

(<U 296 

600 

7 500 

2 

7x14 

8 

I4 200 

147-0 



3 OS 

(«) 450 

1 00c 

5 000 

4 

2 



15 8OO 





2.17 


• Gross, (a) Mines 6 r Min, Vol 18, p 538. ( b ) Baldwin Locomotive Wks. (c) Peele, 
Compressed Air Plant, (rf) Morris, Trans AIME, Vol 30, p 566. (e) Two-stage loco- 

motive, operating cost, int and deprec, 2*17^ per ton-mile, as against 2.56^ for single- 
stage, with coal @ $3 per ton (estimates by H. K. Porter Co). 


Coa! mints of westtm Pa and West Va were using 15° compressed air locos in run 
(38) In U S metal mines, the only important compressed air haulage plants dow 
operating are at Homestake mine, S D, and Inspiration mine, Aru (42). 

27, Compressed-air Locomotives ( 3 ) 


Note. — Sec n deals with all means of Underground Transport, including electric and 
gasolene locomotives (see also Sec 16). Sec 15 treats of compressed-air locomotives only. 

Field of work. This type of locomotive is adapted to all mines having com- 
pressed-air plant, and especially to gassy collieries or dry. timbered mines, in 
which electric or fuel-burning machines might be dangerous. Advantages: 
since the power is stored in the locomotive itself, it can operate wherever track 
is laid, returning at intervals to charging station; no trolley wires, with their 
attendant danger, are needed; no power consumed when the locomotive is idle; 
the exhaust tends to aid ventilation; power, greatly in excess of the average, is 
obtainable by temporarily using full tank press in the cylinders (3). But electric 
locos are generally more economical in running cost, if electric power is already 
installed for other service. For any given case, local conditions must be analyzed ; 
data aiding in making choice are obtainable on request from H. K. Porter Co, 
Pittsburgh. 

General construction. There are 1 or 2 storage tanks, which, with piping, 
etc, are carried on a frame mounted on 4 or 6 driving wheels. The cyls are 
usually simple, sometimes compound. The high-press air of the storage tanks 
passes into a small auxiliary tank, where it is reduced to proper working press, 
before going to the cyls. 

Air pressure in storage tanks, 700 to 1 200 lb. Cyl press: simple engine, 125-150 lb; 
compound engine, 200-250 lb. Intermediate press for compound cyls, 50-60 lb. Tank 
capacity, for hauls of 1 to 1. 5 mile, 50-150 cu ft. For long hauls, it is better to increase 
press, rather than size of tanks. 

Reheating (Art 16) restores heat lost in reducing press to that of the auxiliary tank; 
it is essential for compound cyls, the temp of exhaust from high-press cyl being far below 
freezing. Fig 63 shows the H. K. Porter Co’s interheater for compound 
locomotives. Between the cyls is a shell filled with small tubes, through which the 
warm atmosoberic air is drawn by the ejector action of the low-press exhaust 
Nearly all the beat lost in the high-press cyl is thus restored, expanding the air about 
36%. It is claimed that the use of the interbeater effects a reduction of about 30% in 


Pop Vklv* 



size of compressors and boilers, and in power costs, and of about 15% in first cost of 
installation: or an increase of about 30% in length of haul on 1 charge of air. 

In gaseous mines a simple method of reheating is to inject into the auxiliary tank 
steam or hot water each ume the locomotive is charged. In non- gaseous mines, a small 
oil or coke-burning furnace is used. 


1 Location 

Peele 

j Buck Mt, Pa (a ) . . 
| Glen Lyon, Pa. . 

I Grass Val, Cal . . . 

! Vivian, W Va (6). 
P&R Coal &lr(r) 

“ GO 

Wilson Coll’y (e ) . 

| Butte, Mont (/).. 

J Anaconda, Mont . 
Lead , S D (g) . . . 
Norway, Mich — 


g Locomotive wt 

Tanks 

a 

« 

0. 

ee 

£ 

£ 

lb 

Cyls 

Locos 

Cars, wt 

Cars in train 

Max grade 

£ 

a 

U 

cu ft 

cr Air press 

j3' Diain 
3‘ Stroke 

Height | 
Length [ft 
Width J 

cr Empty 

•0 

j 

m 

8 

130 

550 


7X14 

5.2X19X — 

3400 

7000 

12 

45 

8 

130 

550 

160 

7x14 


2800 

7000 

12-20 

4.8{ 


30 

50c 



4 3x5x2 5 

.. .. 

2000 

5 











5 


500 

I2S 

5X10 

4 5XO.SX5-S 

8500 

6 

2.5 








15-38 

o.S 



600 





... 











11 


60c 

200 


6.5X14X6.3 

9000 

32 

1.7 











160 

600 

125 

9x14 


5850 

30 

1 .0 

5 

47 

550 

I2S 

SXig 

5X10.4X5 

34. 

>0 

6 

0+ 

P 

218 

750 

150 

12X18 

\ 




J 

\I3 

132 



95x14 

/ 




1 

r 










7 


700 

140 

7X12 

S.2XI2X4-2 

1S00 

1800 

20 

( 


"71 

js'C 

T 3 

C i 

v £ 

"" £ 

* i 
■1! 

■ft 

sec t 

5100 

. ■ ■ J 

800c 

\ 

420? 

1 

9000 

23 ! 

5200 

60 

320c 


9000 

85 


6oj 

ICOO 

i-l 

to 

! 

7000 

1 1 

1200 


to 

45 

4000 

1 


Notes; (a) 1 loco delivered 15Q cars in 10 hr, formerly requiring 10 mules. Aver 
cost per ton- mile: by air, gross, 1.875c; net, 3.77 i\ by mule, gross, 3-94^1 net, 7-92C- 
(b) Cost of locomotive, ti 800. Max speed, 10 to 12 miles per hr. Cap&c of main stor- 
age tank, 47 cu ft at 535 lb press. Press in pipe line, 735 lb. (c) See “Cost of Plant “ (3). I 
Cost for 180 days per year: daily operating cost, $14 69; fried charges @ 10% and cost of 
steam power , $9 per day; cost per day per car for 666 cars, 3.61! (previous cost by mule, 5. 1 i 
per day per car), (d) Locos are 4-cyI compound, 5 and 8 by 12 in. («) Pipe-line press, 700 
lb; air reheated. Cost per gross ton-mile, 1.25c. (/) 2 round trips per charge on cold air; 
3 on reheated air. t*) Locos have detachable rear end, to permit loading on to a 9-ft cage. 


Tractive force of compressed-air locomotives may be found by T = ( D 5 X L 
X 0.98 P) -s- d: where T = tractive force, lb; D — diam of piston, in; L - stroke, 
in; P = initial press, lb; 0.9S P - effective cyl press; d = diam driving wheels, 


Table 70. Compound Compressed-air Locomotives (H. K. PorterCo) 



tanks. Main tanks are built for press of 700 or 1 200 lb; auxiliary tank press for all, 250 
lb. Tenders accompany locos, if space is limited; useful for long hauls, 
in (3). For compound cyls, the effective cyl press is taken as 0.85 P,P being 
actually the difference between the initial press in high- and low-press cyls; 
and it may be assumed that there are either 2 low-press or 2 high-press cyls, as 
the same power is generated in both. 
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Die GrubenloKomotivbahnen in der NachKriegzeit 

Von Prof. Dr.-Jng. SPACKELER , Technische Ilochschule Breslau 

Entwicklung der Grubcnlokomotivcn unler der Bedingung hochsler Lcistung in IJauptslrecken , aber kleinster 
Abmessungen in Abbauen. Einzelheilen der Konstruklion von Fahrdraht-, Benzol- und Druckluftlokomotiven. 
Eingehendere Behandlung der Akkumulator- und der Diesellokomalivc, sowie der Drucklufilokomotivc mil 
Mehrzylindermotor , da hicr grundlegende Verdnderungen eingetreten sind. 


D w Bcrgbau hat, sowoit or in altbergmannischor Woisc 
nls Tiofbau betriebeu wird — nur davon soli bier 
die Rede sein — , nicht die gleicho Media nisieruiig durch- 
gemachl wie inanche andro Induslrien, din zur Arbeit 
am laufenden Band iibergehen konnten. Glcicbwobl ist 
die Nacbkriegsentwicklung unseres Bergbaues dock 
durcb cine starke Sleigerung dor Fbrderung der cin- 
7 .clnen Schachtanlagc gekennzeicbnet, Zusammenlegung 
bennchbartcr Grubenfolder und Obcrnahme ihrer For- 
derung auf oinen leistungsfiihig ausgebauten Ilnupt- 
forderschacht ist das Kenn- 
zeichen der Entwicklung der 
ielzlen Jabre, bosonders itn 
Steinkoblcn- und Kalisalz- 
bergbau. 

Die Zusammenlegung des 
Bergwcrkbctriebcs fiibrte 
zu einor Entwicklung der 
Lokomotive nach zwei ent- 
gegengesetzlen Hicbtungcn. 

Fiir die 1 lauiitfordcrstrecken 
ergab sicb cine starke Stei- 
geiung der Lcistung, sowolil 
des Fbrderwegcs wie der 
Fordcrmengc, obnc daft aus 
bergmannischon Uucksrchten 
die wiebtigstnn Abniessun- 
gen der Fbrdermiltcl veriin- 
dert warden durften. Die 
Grbfte der Fbrderwngcn und 
die Spurweite waren durcb 
die Sehiichte, der Streckcn- 
quersebnitt durcb den Ge- 
birgsdruck, die Gleiskriimmung und damit der Acbsstaml 
durcb die Eigonart der Dagersliitte festgelegt. Ander- 
seits ermbglicbtc die groflere Fbrdermenge des cinzelnen 
Arbeitsortcs cine mccbaniscbc Strockcnfbrderung bis in 
die Abbauo liincin, wo bisbor nocb I larulforderung gc- 
herrscht batto. Damit ergabon sicb zwar klcinc Lei- 
stungen, aber aucli unvermcidlicb kleinstc Abmessungen 
dieser Abbaulokomotiven. Die Ausnutzung einer solcben 
Lokomotive zwingt dazu. inobrerc Abbauorter durcb cine 
Lokomotive bedienen zu lassen. Dazu muft diese oft 
mehrmals in einer Scbicbt in Stapelschachten • gchoben 
und gesenkt warden, so daft iltre Malle die nines gowbhn- 
licben Forderwngens nicht iibersebreiten diirfen. Daher 
muft die Entwicklung im folgenden nacli den beiden ver- 
sebiedenen Gesicbtspunkten betraebtet werden, einmul 
nacb der Forderung grofter Lcistung, und zum andern 
nacb dor Forderung kleinster Abmessungen 1 ). 

• Oberlcitungsbahnen 

Von alien unler Tage in Bclracbt kominenden Lokomo- 
tivarten weist die Fahrdrabt-Lokomotivo die groftte Be- 
triebsicberbeit und Leistungsfahigkeit auf. Leider steben 
diesem Vorzug ein paar dvichtige Untugenden gegen- 
iiber: Gcfabr des Bcriibrcns des Fabrdrabtes, Funken- 
Sefabr in Scblagwottergruben, Streustrome, die boi der 
Scbieftarbeit zur Frtibziindung der Sprengstoffe fiibren 
kbnnen. und Abhiingigkcit vorn Fahrdraht mit seinem 
teuren Einbau und sorgfiiltig zu uberwacbender Isolation. 
Liese Eigenscbafton sehlieften die Fahrdrahtbahn fiir 
Abbaustrecken aus. lira so wichtiger ist sie fiir die 
Bauptstrecken geworde.n. 

Die Fragc der Stromart ist vorlaufig zugnnsten des 
Gleicbstroms entschiedcn. Die weitaus verbrcilc-lstc 

b Her let/.to zusiunmenfiissendo Uericlit itefindet sicb im Aufsttl/. 
Ton Gundftrloch, „01tickauf" ltd. 58 (1922) S. 589. 


Spannung der Fabrdrablbabnen betriigt nur 220 V, wozu 
am Umformcr cine Erzeugcrspaunung von hbehstens 
250 V vorbanden sein darf. 

Dio konstruktivc Durchbildung der Gleichstrom- 
lokomotive war bereits in der Vorkriegzeit so sorgfiiltig 
und gut, daft der Aufbau im ganzen sicb nicht mebr 
wcsentlicb veriindert bat. Die beiden llauptschluftmoto- 
ren, dio nacb Bedarf binter- und nebeneinander ge- 
scbaltet werden. sintl nibglirhst tief im Rahmen des Fabr- 
gc-stells untergebraebt. J Dun it ist der Grbfte der Motoren 

durcb Spurweite und Achs- 
stand nine Greuze gezogen. 
Fiir die verbreitetste Spur 
von GOO nun sind jedocb die 
stdrkslen unler Tage ge- 
brtiucbten Lokomotiven (fiir 
etwa 50 Volhvagen zu 1 t 
brutto be i 4 m/s) zu bauen. 

An Verbesserungen der 
Ielzlen Jabre verdient der 
allgemcine Ubcrgang zu 
Kugel- oder Rollenlagern 
an den Motoren Erwiihnung. 
nicht nur der Kraft- und 
Olersparnis wegen, sondern 
vor allem, weil daboi eine 
bessere Abdicbtung des 
Motors gegen Scbmutz und 
Staub — ein sehr wichtiger 
Punkt — erreiebt wird. 
Die wiohtigste Neuerung 
am Fabrscbalter diirfte 
eine Verriegelung sein, 
durcb dio das sofortige Umlegen des Scbalters auf 
Gegen, strom verbiitet wird; die Losung dic.ser Vcrriege- 
lung, die erst nacb Ausscbaltcn des Stromes moglicb sein 
darf, erfordert soviet Zeit, daft scbiidlicbe Beanspruchun- 
gen des Motors verbiitet werden. Scbnell verbreitet bat 
sicb eine Kurzschlicftvorrichtung, weil sic die sonst berg- 
polizcilicb geforderte Sig'nalanlage ersetzt: durcb einen 
Ilandscbalter kann zwiseben Fahrdraht und Scbiene ein 
Kurzsehluft bergestellt werden. Dadurcb troten die 
llbcbststromauslbser in der Erzeugerstation in Tatig- 
keit; sollten sie versagon, z. B. bci zu grofter Entfer- 
nung, so wird jedenfalis das Spannungsgcfalle zwiseben 
Fahrdraht und Scbiene praktiscb auf null berabgcset/.t, 
so daft keinef lefabr bci A rbeilen an derLokomotivo besteht. 

Viel Arbeit ist auf Versucbe verwendet, die Funken- 
Itildung zwiseben Stroinabnebmer und Fabrdrnbt. sowie 
zwiseben Bad und Scbiene zu verhiilen. Die Boslrebun- 
gen gewannen besonders an Bedeutung, als im Jabre 1925 
eine ungluckliclic. Hiiufung von Scblagwetterexplosionen 
auftrat, die auf diese Funkcnbildung zuriickgefiibrt 
wurdc. Der preuftisebe Landtag nabm daraufbin gegen 
dio Fabrdraht-Lokomoti von Slellung, und das preuftisebe 
Grubcnsicberbeitsaint verbot ibre Vcrwcndung im aus- 
ziehenden Wetterstrom von Scblagwottergruben. 

Trolz vieler Versucbe bat man wobl eine Vermin- 
dcrung, nicht aber eine Verbtitung der Funkenbildung 
erreiebt. Die grofiere Bedeutung kommt don Funken am 
Fahrdraht zu. da die Scblagwetter sicb unter der Firste 
sammcln. Moist verwendet man mindestens zwei 
parallel geschaltete Bilgel solcber Konstruktion, daft auch 
bei stark wecbselndcr Hohenlage des Fahrdrahtes ein 
gleichiniifiiges Andriicken des Btigels gewiihrleistet ist, 
was bci den Scherenstromabnehmern bis 7.u Im Hohen- 
untersebied moglich ist. Audi ein glatter Fahrdraht bat 
sicb als wichtig erwiesen. Ein geeignetes Biigelmetall, 



das weicher als das Kupfer dcs Draldes ist, abor kurzc 
Funkendauer gcwiilirlcislet (holier Siedepunkt des Me- 
talls 1 ), ist dafiir von Bedeutung. liber Versuelie, den 
Falirdralit stiindig zu sclunieren, wird giinstig geurteilt, 
wcnn auch ein abschlieBendor Bericht nocli nicht vor- 
liegt. 

Einc Rcilie von IJnfallon hat die Notwendigkeit gc- 
zeigt, dcr Streckenausriistung groBcre Aiifnierksamkeit 
zuzuwendcn 3 ). Dor Falirdralit darl des Fuukens wegen 
nicht durehliangen, darf abor aueli hoi Bewegungcn des 
Ausbaues dureh Gebirgsdruck nicht so gcspannt werden, 
dal! or reillt. Deshalb si ml nachsiellbare Drahthalter 
konstruiert. Vor allcm abor ist cine oin wandf reie Kiick- 
leitung des Stroines durcli die Schieuen zu gewiihrloisten. 
um vagabundierende Stroine zu verhiiten. Schweiliung 
dcr Schiorien liilit sick nus bcrgmannisclien Kiicksichlen 
seltcn durchfiihrcn (Verbot des ScliweiBons in Sclilag- 
wcttergruben, Duhnbarkeit dcr Scliienen bei Gebirgs- 
bewegungen u. a. m.). Die beste Yerbindung diirfle da- 
iiacli ein Kupfcrbiigol scin, dor — zum Schulze gegen 
Diebstahl — untor der Lnsclic in eirier Nut liogt. mi t don 
Scliienen roslfrei und siclier verlnniden und dchnbar ist. 

Abb. 1 zoigt cine neuzeillieho G rubenlokonintive ftir 
Fahrdrahlbetrieb. 

Akkumulator-Bahiicn 

Akkuinulalor-Lokoniotivoii liaben fiir den Bergworks- 
betrieb imuicherloi Vorziigo: bei Kajisolung der Moluren 
und Schalter sind sio sclilagwcttersielier; iiirc Unab- 
hiingigkoit vom Falirdralit lnacht sio fiir cnge und druck- 
hafte Streckcn geeignet; dor Motor ist der gleiche wic 
bei der Falirdruhtlokomotive: oin Gleichstrom-IIaupt- 

sehluBmotor mit holiem Anziiginoinent, groller gelegent- 
iiclier Gberlastbarkeit und ausgczcichnctcr Mandvrier- 
fahigrko.it. AVenn die Akkuniuliilor-Lokomotiven gleich- 
wohl bulge nur geringe Aiiwcndung fanden, so lag 
das leils an der Empfindlichkeit und den hohen Anscliaf- 
fungskostcn der Akkumulatoren, toils an der geringon 
Leislung. 

Voraus$clzung fiir cine Entwicklung der Akkumu- 
]ator-fjokoniolivcn war deslialb eine Verbesscruiig der 
Flemonte (lurch llcbung von AVidersiandkrafl und Ka- 
paziliit. Indem limn die a 1 Lon IIolzIDUIeu durcli oiserne 
Troge mit cincr Gunimicinlage crsetz.le, gclnng es, die 
Kaimzitiit bei glcichcm iiiiiim bis ii be r 30vll zu sloigoni. 
Jet/.t ist es goluugen, (lurch Ban tier Pan/.erplalton- 
oleinonte an Slello dec iiltoren GrnlSolierriaelirnolomonte 
die Kapaziliit erheblieh weilor zu vorbossorn. loiiler auf 
Koslcn der AYiderslandfiihigkeit und des I lei siellungs- 
preisos. Am griifiten ist die Kapazitiil dor ( i iitorplatl 011 - 
hattorion, die abor cine so sorgfaltigc A a Hung erfor- 
dern, (bill sic im Grubenbclricb nur ini Nolfallo verwen- 
det werden. Den giiiUlon Fortsehrilt diirfle die Erfin- 
dung des Edisoneleinontes in seiner Ausfiibning mit 
Nickel- und Kadniiumplallen gebracht liaben. Die iilleren 
Nickel- und Eiscnzellen entwickcln bei der Ladling ziom- 
licli viol Gas, gasen aueli nach dcr Ladung noeli cine 
gowisse Zeit nach. Dicse uiiangciichine, in Sehlag wetter- 
sruben unzuliissige Eigenscliaft wird durcli Einfiiliruiig 
des Kadiniums an Stelle der Eisenmasse in die negative 
Platte vermieden. 

Die Entwicklung der Akkumulatoren und Hire Eig- 
!iun" fiir den Lokomol i vbel rich wird (lurch die folgenile 
nach Angabon der Aftcumulaloren-Fabrik, A.-D., Berlin, 
aufgestclltc, auf SsUindige Eudlndezcit bereehncle Zali- 
lcntafel I gckennzciclmet. 

Wiili rend Panzerplattcn- und Edisonzellon fiir cine 
voile Sell icht ausreichen, errcichen ObcrfliichenbaUerion 
bei iiblichor Beanspruchiing nur cine zwei- bis drei- 
sliimlige Enlladezeit, so dal! sie einmal in der Schicht 
auszuwechsolii sind. GroBoberflachenbatlerieii brauehen 
eine drei- bis vierstiindige, Panzerplattcn- mill Edison- 
battcricn cine etwa siehenstiindige Ladezoit. Bei ein- 
schichtigcni Betricb rcichcn daher zwei G rolioberf liiclien- 
batterien odor eine Panzerplattcn- odor eine Edison- 
batteric je Lokomolive nus. Liiuft die Lokomoiivc in 


, in miiios Research Hoard, licricht Nr. 20. London 1926. 

und „l'.loktnzitllt lm Horfidifm" lid. 2 (1927) S. 1. 

“) Ullmann, .Cloktrizitltt im iiorgiuiu* lid. 1 (1926) S. 21. 


Zahlentatol 1 

V e r g 1 o i c k z a h 1 o n der Elomonlartcnf 



fiir 1 kWh erforderlich 


Qewicht 

Kauin 

K os ten 



din 2 

m 

Gi'oliobcrfliichonclemento . 

100 

33 

220 

(littcrplaUenolemente . . . 

40 

14 

120 

I’unzcrplaUcncleniciito . . 
Edisonzellon (Nickel-Kail- 

00 

20 

200 

mium-PIaltou) 

40 

15 

480 


zwei Schichten, so sind drei GroBoberfliiclion- oder zwei 
Panzerplattcn- oder Edisonbattcrien zu bcschaffen. 
Beider steht der liolio Prcis der Einfuhrung der Edison- 
Akkuinulatoren hinderlich im Wcgc. Him steht abor ein 
bill igerer Betrieb (lurch die groBcre Uncmpfindlichkeit 
gegen StoB und Oberanstrcngung und liingcro Lobens- 
daucr gegenuber. 

Die Entwicklung der Akkuinulutoren crinbgliclde die 
Ausgestallung del' fjokoinotivcn nach beiden ltichtungen 
durcli Aufspoicberuiig groBerer Energicmcngen I'tir 
Ih'dioro Lcislungen in Uauplstrecken, abor auch durcli 
llerabsotzung der BalteriegroBe fiir Abbaulokomotiven. 

Fiir Uauplstrecken werden Lokonioliven mit Motorcn 
bis zu 50 kW Slundenleistung gebuut. Sie komicn unler 
normulcn Vcrliiiltnissun etwa 50 voile Fbrderwngen von It 
brutto mit 3 m/s zum Sclmcht bewegen und die lecren 
zuriickbringen. Die Bleibattcrien bestehen aus etwa 
80 Elementen, so dalV die Entladcspannung 150 V betriigt, 
der Ladestrom uber einem Normalnetz mit 220 Y ent- 
nommen werden kaiin. Bei alkalischcn Elementen, die 
.io Element nur 1,7 bis 1,8 V Lade- und 1,2 V mitt lore 
Entladcspannung liaben, wird die Zalil cnlsprccliend 
holier gewiililt. 

Fiir die Abbaulokomotiven geniigen moist Slundon- 
leistungen des Motors von 4 bis 5 kW, da die Geschwin- 
digkeit in den druckhaften Alibnuslreekcn dock niedrig 
(l bis 1,5 m/s) gchallcn werden muB und Zugliingen von 
mrlir als 10 AVagen sellen sind. Anderscits ist die Grolle 
dcr Battcrie hesehriinkt. Die Zellenzahl wird daher so 
hcrabgesetzt, dal! ,ie nach dcr gefordcrlen Leislung Ent- 
ladespannungen von 50 bis 80 V entstchen. 

In vielon Fiillen diirfen die Ahmessuiigen der Abbau- 
lnkomnliven nicht liber diejenigen cines einfachen J'order- 
wagens liinaUsgehea, uni sie auf deni Fdrdnrknrb der 
Slai'clschiichlo unlerbringon zu kiinnen. ])as wird mittels 
Zcrlegung (lurch einfachos Posen des Fiihrcrsil7.es ein- 
si hlielilich Schallwalzc oder (lurch llocliklnppcn des Sitzes 
crreiehl. Das Gcsa,mlgewich( soldier Lokonioliven liegt 
zwisehen 2,5 und .8 I bei Edison-, zwischen 3 und 4t bei 
I’anzcrplatlenclcmentcn. 

WiihreiKl man bei Falmlrnht-Lokomolivcn die Zugkraft 
(lurch 1 1 i nler- oder Nebeneinaiiderschalten der zwei Motoren 
veiiindert, liilU sich bei Akkumulalor-Lokomotiven da 8 
gleiche einfacher (lurch entsprechende Schallung dcr Zellen 
errcichen. Sie brauehen daher nur einen Motor, ein Vor- 
teil, den man bei Abbaulokomotiven ausnutzl. ]m iibrigen 
entspriclit ihre Ausgestallung derjenigen der Fnhi'draht- 
Lo komotive. 

Zwocks Sclilagwetterscliulz werden Motor und Schtdl er 
in glcicher AVeise wio bei don Fahrdralit-Lokoinoiiveii durch 
eine vollsliindige Kapselung gesichert, die auf einen Innen* 
(b uck von mindestens 8 at bemessen sein muB. Fiir die 
Battcrie kommt bei Hirer GroBe und in Anbetraclit eiaer 
moglichen Gasent wickelung bei der Ladung das gleiche 
nicht. in Frage. Die Batterie wird daher durch . Flatten - 
schulz gesichert. 

In Abb. 2 und 3 sind zwei Akkuniulatoren-Lokonio* 

liven, die eine fiir Huuptstreckcn. die nndre fiir Abbau- 
streckcn, nebeneinandergestellt. Man erkennt die 
amlern Bedingungen, die die Form der Lokonioliven f“. 
Abbaustrecken bestimmen. 

Lokoinotivon fiir fliissige Bronnstoffo , 

Lokomotiven mit Benzolmotor verdanken den 
diirfnissen dos Bergbaues ihre Entstehung, die jetzt u A 
30 Jahrc zuriickliegt. Unter engom Zusammenni'bei 
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Abb. 2. Akkumulator-Lokomotivo fiir Hauptstrecken. 
AEG. Berlin. 


Abb. 3 

Abbau-Akkumulator-Lokoinotivo mit hochge- 
klapptein FUlirersitr. fiir Beforileruiig (lurch 
Stnpelschiiclile. 

,, Bergbau" , Gcsellschaft fiir bttriebslrchninche Neuerungcn m. b. H. 
Dortm u nd. 


dor Erbauer mil den Organon dos Bergbaties isl die 
Weitcrcntwicklung durchgef iihrt wordon. Nachdom in 
dor berggewerkschafllichcn Vorsuchssirocko in Dome 
(Westfalen) die wesontliclion Sicliorheitsinahnahmen an 
don Lokomotivon und iliroin Zuhehor ( Breniistnffordei'- 
gnriit, IJmfullanlnge usw.) dureh Vorsuc.ho fostgelegt und 
die Lokomotivon untor zaldroiohon bergpn] i/.eiliehen 
Vorschrifton in Sehlngwotlergnibon zugolasson waren, 
standon Kichtlinion fiir die llauptloilo fost. Dio Knl- 
wicklung dor Nachk riogzoi I feosoliriinkt sioli dehor auf 
die Verbcssorung von Einzcltoilon dcr Lokomotive, wiili- 
icnd alio Vorrichtungen, die deni I ungang mit deni 
] 1 1 omisto F f dienen, ziomliell unvoriindorl gobliobon sind. 
Dio naheliegendo Vcrmutung, daFs die lebliafte tooh- 
aisolie Entwicklung dos Kraftwagens aucli der Bonzol- 
lokomotivo zugutogokommen sei, isl irrig. Vorsuciie mit 
loiohlen Molorkonstrukt ionen auf Gruhcnlokomotiveu 
fiihrlon z. li. dahin, dalS man das Dicnslgcwieht der lotzle- 
ren kiinstlicli erhohen mullto. • liabei isl stabile liana rt 
rviehtiger als dio moisten vom Kraflwagcn geforderlen 
Kigonseliaflcn. 

Als Motor herrsehl bei kleinen Lokomoliven noidi 
heutc der liegonde EiH/.ylinder-Vii'rtaktmolor vor, wiih- 
rend man liei grollon Leistungon zu slehenden Mohr- 
z\ I indermoluren iibergegangen isl. Nur die Hheiner Ma- 
sebinonfabrik Windlioff bant siimlliehe (1 rubenlokomo- 
liven mit slehenden Melirzylindermotoron, die /.war nine 
liijhoro tJmlaufzald bodingen, aber das sonst unvermeid- 
liehe sclnvero Solnvungrad orsparen. 

An Vergasung und Auspuff sind koine grundlegen- 
den Neuerungcn zu vorzoichnon. ZweekmiUsig ist die 
Loutzer Anordnung, wonacli die Bronnstoff leilung zum 
Vergasor und dio Wassorleilung zur lirausc im Aus- 
puffrolir nur gemeiiisam godffnet und goschlosson wer- 
den konnon. Ids kann sonst hoi St i 1 1st und Wassor ins 
Auspuffrolir gelnngon, das boirn Wiederingangsotzen in 
den Zylinder gosogon wird. odor os kiinnon die heillcn 
Gnse nuspuffen und die Orubenwoller verscliloohtern, 

liei d('n ii Heron Lokoniot ivkonsl rukl ionen lag dor 
Lokomoti vbchalter moist fiber deni K urbolgot riehe. Be- 
Rolmdigung an ihm beim Hriieli einer I’leuelstango und 
Ausfl ioBen dos Benzols, das dann moist dll roll 1'unken- 
bildung in Brand geriel, f ii b it on zu der Vorselirifl, don 
Breiinstoffbehiiltor dureh ('ini' dicke oingolegto Eisen- 
platle zu siehorn. liei noueren Lokomotivon ist dor Bo- 
idilter so golegl, dab or vom Getriobo nielil. gclroffi’n 
wordon kann. Umlaufsehmicrung ist allgomoin dureh- 
gofiibrt. Zur Kiiblung dos Zylindors bonutzt man liei 
liegondon Motoron vorliorrschond Venl.ainpfnngskiiidung. 
Sio hat don Vorlei), don fiir don Grubonbetriob reiohlicb 
einjif i ndl icfien Wasserriickkiiblor auszuscliallon, und lml 
sich als ausroichcnd orwioson. 

Eino Vorbcsscrung an dcr ZUndvorriclitung ist von 
der Motorcnfabrik Dcutz A.-G., Koln-Deutz, znerst an- 
Sewondct. Bei vollor Umiaufzabl mull dcr Zundfunkc 
kurz v'or Beendigung dos Vordieldungshubos iiborsprin- 
gen, damit die Explosionswirkung gerado bci Beginn dos 
Arbejtsliubcs einsotzt (Friihziindung) . Boi uiodriger Um- 


latifzahl ist die Zcit fiir don glcichcn Kolbenweg zu 
lang, so dull Siiiitziindung notwendig ist, urn cinon lliick- 
selilag dos Kolbens zu vermeiden. Mobrfacb sind Lo- 
komoli vfiibrer, die dio Anlaftkurbcl drchlen, schwcr ver- 
h'lzt wordon, wenn sio din 1’msc.lialtung auf Sphtziin- 
ilung vergosson liatton. Dio kioino Ziinddynamo ist dos- 
lialb mit einom Hoglor versoben, dor solbsttiilig boi 
uiodriger Umlnufznhl auf Spiitz.iindiing slellt und boi 
Erroiebon dor vollcn Gesohwindigkoit auf Friihziindung 
umsohaltnt. 

lliilt dio Lokomotive obno Stillsotzon des Motors 
an soli loci it bowctterlor St el I e, so sind Vergillungcn 
moglie.il. Das Bostrolien gebt dcslmlb dahin, das Anlasscn 
meclianiscli, dureh Druckluft odor durcb elcktrischen 
Strom, zu bewirken. Lcider sind die bisher auf dem 
Markt befindliclicn Bauartcn elektriseber Anlasser niclit 
seldagwottorsicher nusgefuhrl, so dall man im Stein- 
kohlenliergbau auf Druckluft angewiesen ist. 

Solir versciiiedcn habon die Firmen dio Aufgabe go- 
lost, trotz dor federnden Yerbindung zwieclien Loko- 
motivralimon und itadsatz dio Bewogung dor Kurbel auf 
dio Aclison zu tibortragon. Dio Huhrlhnler Maschinen- 
fnbrik vorwcnilot boi kloinoren Lokomotiv-Bauarten dio 
friilior aucli von andern Firmen unmittclbar benutzte 
Gal isclic Kctte. Dcutz Hi lit das Znhnradvorgclege auf die 
Aclison wirkon. wobei dor (lurch stollartige Bo- 
anspruchung liodingto Vorsclilcill durcb Einbetten des 
giinzen Getriobos in oin Olbad ausreichend ver- 
mindort winl. Die Hheiner Maschiuonfabrik baut ihre Lo- 
komotivon mit ciner Blindwollo a, Aiib. 4, dio im Halimen 
dor Lokomotivon Fost vorlagert ist und vom Motorgctriobe 
gedrebt wird. Blindwollo und Laufradcr sind durcb 
nine Kurbel und oino Kupiiolslango h miteinander verbun- 
don. in dio zwisclion Blindwollo und erstes Had ein senk- 
roelit wirkendes Golenk c oingosolialtot isl. Damit ist 
S( olif rei hoi t des Golriobes bei Bewogung dcr Blaltfodern 
zwisclion Aclison und Kahmen gosicbort. 

I Jm oinon ffborblick iiiior die Griilic dor gebanten 
Bonzollokomotivon zu gobon, soi orwiibnt. dab Dcutz droi 
Bauarlon von (1900, 5100 und 0300 kg Dionstgcwieht mit 
15, 20 und 25 PS Motorloistung baut. Sio sind imstnnde, 
boi gutor Balm und Kugellagor-Kadsiitzcn 40 bis 50 
(I l'ubonwagon (ft brutto) mit Goscliwindigkoiton bis zu 



Iilindwellonantrieb fiir Grubcnlokomotiven fiir 
fliissige Brennstoffo. 

Rheiner Maschinenfabrik Windhojf. 
a Illindwelle b KuppelstnnRC c Gelenk 


1,5, 2 und 2,5 m/s zu ziehen. Dabei ist der Motor aller- 
dings nur weuig iiberlaslbar; die Lokomotiven milssen 
deslialb langsam anlahren. 

Die Benzoliokomotiven haben f Ur den Grubenbetrieb 
cine Lie i ho vorteilhafter Eigenscbaften. Vor allem ist, 
da der Brcnnstoffvorrat f Ur eine Schicht raitgenominen 
werden kann und nur das verdainpfte Kiihl wasser nacli 
otwa 2 h zu ersetzen ist, i hr Fahrbcreich Itir den Gru- 
benbetrieb prakliseh unbeschriinkt. Bei der iiotwemligon 
•Sorgfalt in der Unterhaltung der Sehutzvorrielitungcn 
kbnncn sie aueli als schlagweltersicher gelten. Alle Vor- 
schriften haben dagegen niclit ausgcreicht, um Benzol- 
hrande zu verhiiten, die von Zeit zu Zeit scliwere fJn- 
fitlle lierbeigefulirt haben. Benzolbriimle sind ini Gruben- 
betriebe deslialb so gefahrlich, weil slots Wetterzug vor- 
luuiden ist, der die Verbronnung unterliiilt, die Brand- 
schwaden aber in andre Baue und an andrc Arbeitspliitze 
rtilirt. Dabei entwickelt das lieifie Benzol soviel Dilmpfe 
im Oberschufl, dafl dadurch ein Zerfall der Kohlenwasser- 
stoffe eintritt und unverbrannte gluhende Kolilenstoff- 
teilchen die Reduktion von C0 2 zu CO bewirken. Eiiiein 
Benzolbrand in bowettcrtcn Strecken stelit man bislier 
nioclitlos gegeniiber, um so mehr, als aueh der bier zweck- 
maBigste Handfeuerlosclier, der Tetraloscber, wegen der 
Phosgengefalir in mchreren Bergbaubezirken verboton 
ist. Aus diesen Griinden stand die preuflischo Borg- 
behorde in der Nachkriegzeit den Benzoliokomotiven 
niclit sympathised gegeniiber. Ibr Belrieb wurde viel- 
lacli erscliwert oder unmoglich gemaclit. 

Es lag nahe, dab sicli die Augcn der Erbauer miter 
diesen Umstiindcn auf den 

Diesel motor 

richtcten. Die Verselileeliterung der Wetter ilureli seine 
Auspuffgase haben die Einf iihrung dieses Motors lange 
verhindert. Ileute lint man sicli tiberzeugt, dull dieses 
Bedenken hbcrlriehen war. Bei der liohen Kmnprcssion 
im Zylinder des Diesclmotors (35 at bei rd. 700°) ver- 
lauft die Verbrennung so vollstiindig, (ball die Gefalir 
der CO-Bildung bei rieliliger Einstellung dcs Motors ge- 
ringer als bei in Benzolmotor ist. Den urinngenclimen Ge- 
rucli hnt man (lurch Einspritzen von Wasser in das Aus- 
puffrolir zwar niclit liuseifigt, alier ertriiglicli gemaclit. 
Vor allem bat man den Vorzug der Gofalirlosigkeit des 
Brennstoffcs. Man kann ein so sebweres Hob-. Gas- oder 
Teeriil verwenden, dull os unter normal vorkoiiimcndeii 
ZUmlungsbedingungen (Beriihrung mit Slrcicblmlz, Gru- 
bcnlumpe, Reibuiigsfunken usw.) niclit in Brand ge.riit, 
dab vielmnbr die liolien Driicke mill Temperaliiren 
des Diesclmotors zur Verbrennung erforderlieb sind. 



Abb. 5 unil C 

Benutzung der cingeknpseltcii Kurliel als Lidt- 
verdichter bei in Zweilaktmotor. 
Ruhrtaler Maschinenfabrik Sthwarz ct Dyckcrhoff 
G. in. b. H. , MuUuim-Iiu.hr. 
a AusslromofVnun^ b LuftnnsuuKoifruinK 

c. Lufleinblaskaiml d Olcinblasvculil 


Die Ungleichformigkeit (les Viertakt-Dieselmotbrs 
liegt infolge der hoheren Verdichtung bedeutend tiber 
der des Benzolmotors. Z weitaktmotoren bedilrfen bekannt- 
1 i ch einer Druckluftspiilung dcs Zylinders, von der man 
bislier cine unvollkommene Wirkung und daher CO-Bil- 
dung bef iirchteto. Fiir Grubenlokomotiven hat man sie 
daher bislier niclit lienutzt. Die Ruhrthalor Maschinen- 
labrik beabsiebtigt jetzt jedoch, auf Grund der umfang- 
roiclien an Feldbahnmotoren gemachten Bcobachtungcn 
die Zweitaktmotoren aucb unter Tage zu versueben, da 
sicli die Bcfurcbtungnn als gegcnstandlos erwiesen 
haben sollen. Eine besondere Luftpumpe fiir die Zy- 
linderspiilung wird dabei dadurch vermieden, dab die 
Kurbol infolge Kapselung zugleich als Luftverdichter 
dient, Abb. 5 und 6. Vorliiufig borrscht im Gruben- 
betricbo der Viertaktmotor. 

Dcutz verwendet bei den Grubenlokomotiven bis 
20 PS den liegcndcn Einzylindermotor, bei grofleren Lo- 
komotiven aber ebenso wie (lie iibrigen Firmen steliende 
Melirzylindermotoren. Aufgabe des Konstrukteurs ist es, 
die Lokomotive trotz dieser stelienden Zylinder so zu 
bauen, dafl din Ilolie mogliclist wenig liber die der Bonzol- 
lokomotiven mit einem Zylinder liinausgolit. Zu diesem 
Zweck verziobton (lie Firmen z. T. auf Verdampfungs- 
kiihlung und bauen eine Umlaufpumpe mit Rtick- 
kUhler ein. 

Als Motoren werden kompressorlose Bauartcn ver- 
wendet. Wabreml bei den normalen Dioselmotoren die 
Zerstaubung und glcichmaBige Verteilung dcs f 1 Ussier 
('ingeblaseneii B r mi i ist of Tos ibulurcli erlolgt, dafl man den 
letzteren mitt cis Druckiuft von etwa 70 at Dberdruck in 
den Zylinder hineinschlcudert, wird liier die Verteilung 
n I lei n (lurch die Form der Einspritzduso sowic des Zy- 
limlerdcckels und -kolbens erroichl*). Eine ZUndvorricli- 
I ung komint niclit in Frage. Das Bronnstoffgemiscb winl 
vielmeiir (lurch SelbslzUndung infolge der liohen Tem- 
peralur verbrannt, die die Luft im Kolben durcb die 
Verdichtung auf etwa 35 at erreiebt. An Hilfsciiirich- 
tuiig ist duller nur die Brennstoffpumpe orforderlich, 
die allerdings auf etwa 10 at driicken mull, um das 01 
mit der iiotwendigen Gesch windigkeit in (lie auf 35 at 
verdichtete Luft einzublasen. Fiir die Unfallsiclicrlieit 
ist dieser Vorgang wichtig. Dcnn dadurch wird erroichl, 
daB sicli das bremibare Gemiscb erst bei Boginn der 
Verbrennung liildel, weiin durcb Druck und Temporal!] r 
der Luft im Zylinder eine vollstiindigc Verbrennung 
gewiibrlcislet ist. 

J >ie iilirigen Konstruklionsteilc sind denen der Ben- 
zollokomotive, die auf Grund langjabrigcr Erfabrungen 
gostaltet sind. weitgehend nncbgcbildct. Die Unilaufzalil 
kann bei m Dieselmotor nur durcb eine Gcmiscbuiiderung 
geregelt werden in der Weiso, dafl der Brennsloffdiisff 
fiir jeden Hub eine vom Ueglcr eingcstellte Menge von 
Oi zugefiibrt wird. Verminderung der Luflzufubr wurde 
sofort bewirken. daB Ziindungsdruck und -temperntur 
niclit erreiebt wiirden. Die Lokomotiven haben moist 
zwei Geseh wind igkei 1st ufen, bei mittlercn Lokomotiv- 
groflen etwa 1 bis 1.5 und 2 bis 3 m/s, und man kann wiih- 
rend der Falirt ziemlicli alle dazwischeiiliegenden Gc- 
seb windigkeiten durcb Beeinflussung des Roglers ein- 
stellen. 

Sehwiorigcr als beim Benzolmotor ist das Anlasseii. 
Das Ankurbelu mit der Hand ist in Anbetracht der not- 
wendigen Verdichtung der Zylinderluft auf 35 at aus- 
gescblossen. Als Ant ricbmittcl kann man Druckiuft ver- 
weiulen, wozu ein Toil der Explosionsgaso durcb ein 
Ladevcntil in eine auf 60 at gepriifto Druckluftflasclie 
geleitet wird. Um das Anspringen beim Obergang veil 
Druckiuft auf Olantrieb zu sicbern, ist ein groin r 
Enorgievorrat im Sciiwungrad orforderlich. Die Ruhr- 
taler Maschincnfobrik versiebt auflerdem iliro Motoren mit 
einer elektrisclien Ziindung, die nur bei den ersten 
Kurbeldrebungen eingesclialtct ist und iliren Strom cincm 
Akkumulator entnimmt. 

Die Bedeutung der Dicscllokomotivo fiir (leu 
Grubenbetrieb liegt niclit nur darin, dafl die groflte Go- 

4 ) Itaschreibitng ties Dcut/.er Motors B. bei Hoffmann, 
werksmiischinen ; Berlin l tf 26; S. 323. 
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Abb. 7 

Gnibon-Dicsellokoinol ivc. 

Die peitlichen Bleelio sin<l rtes 
Einblieks wcRen ontfcrnt. 

R thr thaler M aschinenfabrik 
Schwarz Dyckerh off G. m. b. If. 

Mulheim- Ruhr 


Abb. 8 (unten) 

Driicklufl-Abbaiilokoinotivo mit nbgenommeiiein 
FUhrersitz mid Motor. 

Berliner Manchinenbau A.-G., vormals Schwartzkopfl . 
Berlin. 




falminquelle, dor Brand des Brcnnstoffs nuberliulb des 
Motors, so Bill wie beseitigt ist, sondern aurh in Hirer 
Wirtschaftlichkcit. Gceignotes Schworbl init 10 000 kcal/kg 
diirfte einein Daucrabnchmer n icht nmlir als 15.3 /kg 
knsten. Bei den giingigen Lokomotivgrolien kaiin man 
mil eincm Verbrnuch an Brennstoff von 200 bis 250 <r / 1 J S h 
rorlincn, wornue sicli fiir cine 20 PS-Dokomot ivc oin 
Vorbraurli von 2 bin 3 kpc/li und Brennstoffkosten von 
n ir 50 bis 45>3/h ergebon. Bn'imstoffnaolifiillunB ist 
wiilirond dor Schir.ht nicht erforderlieh, mir das Kiilil- 
wasser mull orgiinzt odor besscr orsetzt werdon. Doutz 
hat bishcr vicr Diosellokoinotivcn fiir Borgwerkzwecke 
iiorausgobracbt, Zablenlatol 2. 


Zahlciitatel 2 

Diosolloko motive n dor Dent z e r M o t o r e n 
fabrik A.-G., IC oin- Doutz. 
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. . . . t 

a,» 
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4 Xyl. 

Baunrt 

i 

1 Kin/yliudcrmuscliinc 
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Dio Kulirtiialor Msacliinonfabrik lint bislior zwei 
crollero Einbcitcn von 30 und von GO PS, iibcrlastbar bis 
u „d TOPS gebaut. Die grollen Lokomotiv-Bnuartmi 
lioidor 1‘irnicn koinmen auf Geseh windigkeiten bis zu 
a m/ Si so dad sio an LoistunKfefahigkcit sollist den Fulir- 
drabt-Lokoniotiven gewachson sind. Es ist (labor oin 
lioftigor Wctlstreit zwiseben Diesel- und h almlraht-Lo- 
komotive zu erwarten. Dor crster('n kommt dabci zu- 
blntten, dall die Borgbobbrdo die Ealirdraht-Lokomolive 
im ausziehenden Weticrstrom von Scldagwcttcrgruben 
verboten hat, so dad •/,. Z. vorbandene Anlagen mir nodi 
befristot laufen. Die Dicsol-Lokoiuotivc dilrfle die grijdtc 
Aussiebt liaben, diesc Erbscbaft air/.utrelcn. Abb. 7 zeigt 
cine ‘''DicscllokomoUvc dcr Kubrthaler Masehinenfabrik 


Druekluft-hokomotiven 

Audi die 1 iruek In ft-hok oin oti veil waren infolge der 
I'linfacbiieit ihn's G rundgedankens und ilires Aufbaues 
bereits bei Kriegsbeginn soweit durclikonstruiort, dad 
ilire Bauweise sicb in der Naehkricgszeit wenig ver- 
amlerte. Ids (lurch die, Einfiibrung der Alibaulokomotiven 
Lomz none Aufgaben hervortraten. Der Grundgedanke 
der Verwendung hocbgesliannler bruckluft, von der ein 
Vi.rrut in Slulilf lusc.lion in i t fgc lii h rl wird, ist wirtsohart- 
| idi in der Wcise ausfiibrbar, dad ein groder 'I'cil der 
Knergieverlusle bei der Verdiehlung (lurch Zwischen- 
er wiirmer zwiseben don ciuzclncn Delinungsstufen 

ilcr Lokomotive kostenlos zuriickge wonnen wird. Die 
Vorralsluft wird zuniichst (lurch ein Druekiuindcrventil 
auf einen gleiehbleibonden A.rbeitsdruck gebraebt und in 
rinem Zwisrhomvnrmor, dein Arbeitsbetifillor. anniibernd 
winder auf 1 hngebuiig.stemperalur erwiirmt. Erst danncli 
folgt die Zutiilming in dio Arbeilzyliiider, wobei 
zwiseben die Expansionsslufen wioderum Zwisciien- 
wiirmer eingescliultet sind. Voraussctzung fiir die Ver- 
wendung von Druckluft-Lokomotiven ist duller die Mcig- 
liclikeit. die, fiir die Zwisclien warmer notwendigen 
IViiriiieiiiengen der iimgebenden Luft entzieben zu kon- 
nen, ! tie hokomotivnn sind auf Streckcn mit gleicii- 
madig warmoti Wettern bcscliriinkt, cine Voraussctzung, 
die im deutsohen Stei ukohleidiergbau im allgemcincn er- 
I'iillt ist. Da die I Irucklufl-Lokomolivon die griidte 
Sclilag wellersie.be rlieit aller bnkaunten Lokomoti vurten 
auf weisen. und da sie (lie Wetter durcli i lire Ktlhlwir- 
kuug verbessern, isl die Druckluft-Lokomolivc cin bc- 
sonders geeigneles Eorderinittcl fur unsere tiofen und 
selling wet lerreiehon Steinkohlengruben geworden. Fiir 
Stol lenbet rieho und wenig tiefe Scliachtanlagen, bei 
ilenen die Lokomoliven in Wettern stark wechselnder 
Te m pc rat u r faliren, ist fiir din Erwiirinung in den 
Z wisebenwiirmern einc besondere, incist init Koks be- 
sehickte Eeuerung nolwcndig. 

Unistritten war lange Zeit die Fragc, ob cine zwei- 
faeho oiler dreifache Dobnung der Druckluft im Motor 
der Lokomotive besser sei. Die Berliner Maschinenbaii- 
A.-G. vornials I.. Schwartzkopff, Berlin, lfidt den Luft- 
druck soil Jniigem auf 25 at im A rbeilsbehalter ver- 
mindern, mu ihn danu dreistufig arboilen zu lassen. Die 
iibrigen Finiien begannen nut eincm ■ Arbcitsdruck von 
15 bis 18 at und begniigten sicb mit zweistufiger Expan- 
sion. l r iir diesc Konstruklion fiihrten sie neben der ein- 
rnclien Bauweise an, dull bei dem haufigen Anfabren der 
bokomotiven, wobei o[t Friscliluft in den Nicderdruck- 
zyliuder eingolasseu werden mull, der Vorteil der besseren 
Energicausnutzung bei dreislufiger Dehnung zu wenig 
zur Geltung kniimic. In welcbcm Simie diese b rage 
Ponte gclost ersclieint, zeigt der Ilerstellungsplan der 
bemag, A.-G., Duisburg, die fiir lange Strecken 
Lokomotive mit dreifacher Dehnung baut, wahrend sie fur 
kurze Strecken und Verschiebezwecke ihre 
l’.auart empfiehlt. 

Ijuflvorrat cine um 


eine 
e fiir 
zweistufige 

Mit der erslcren soli man bei gleichem 
20 vll liingere Strcoke befahren 

vonimn. y or besserungen der gebrauchliclien 

bokomotivbauartcn sind in der Nachkriegzeit nur zwei 



erwiihneiiswerl. AVirlscliafllich am wichligsten ist tiio 
Erhbhung dcs Luftdruckes, tier am Koinprcssor vor 
dem Kriege 100 at betrug, dann auf 150 uml sehr bald 
auf 200 at gcstcigcrt wurde. Ncuerdings hat die Demag 
Lokomotiven fur 225 at Fiilldruck gobaut. Erhbhte Auf- 
merksamkeit ist dor Wusscrabschcidung zugcwandt, da 
dureli Wasser in den Drucklurtflaschen Anfressungen der 
Innenwand festgeslclll sind 5 ). Die Elascken warden 
dalier mit einem Schauloeh von etwa 50 mm iJmr, und mit 
eincin AVussnrablaHhalin an der liel'sten Stelle jeder 
Flaschc gebaut. 

Bei ausreichcndem Slreckcnquorschnitt koinmt man 
bis auf cinen lnlialt der FlaSchen von 11001. Bei einer 
Fiillung von 150 at reicht dicser aus, cinen AYirkungskreis 
von 3 km ilalbmcssor mit Ziigcn von elwa 10 gewolin- 
1 i c lien Fbrderwagen zu beherrsehen. Das onlspriclit 
einem Aufwaud von rd. 1 m 5 angesogener Lull, bezogen 
auf 1 Brulto-tkm. Bei ktirzeren Strccken mit niclir An- 
fahrarbeit erhoht sieb dicser Aufwand entspreeliond. 
Als weitere iibliohc Angaben neuzeitliclier Druckluft- 
Lokomotivcn konnen gelten: Gowieht 6.5 his 7.5 t, Zug- 
kraft 500 kg, dureli Frisebluft iin Niederdruckzylinder 
bcim Anfahren auf inindestens 1000 kg zu erhuhen, Dauer- 
leistung 18 PS, Gcschwindigkeit 3 m/s. I > a der Quer- 
schnilt der Lokomotive dureli die Streeken begronzt ist, 
mull der Vorratsraum dureli Liinge der Lokomotive er- 
reiclit werden (bis liber 4 m). 

Der Vorzug der unbedingten Selling wetlersicberbeit 
Hlllt die Druckluft-Lokomotive bosonders geeignet er- 
solioinen, als Abbaulokomotive im nnniiltelbaren An- 
sclilul) an die Gcwiiinungserle der Kolilo verwendet zu 
werden. In den letzten Jaliren sind dalier nine lteibe 
soleber Lokoinotivbauartcn untcr besonderem Namen. 
z. B. Troll (Bergbau G. in. b. II., Dortmund), ( I rulienflob 
(Schwartzkopff), Grubonzworg (Demag) u. a. auf den 
Markt gckominen. Seiche Lokomotiven diirlen die f ■ rii Ixt 
eines Forderwagens niebt iibersebreiten oder sie miissen 
wenigstens in einfacber AVeisc in zwei 1 eile stdehen 
llbchslmallos zerlegt werden konnen. Kleine Malle sind 
aber gcrade bei Druekluft-Lokomotiven scliwer ein- 
zuliulten, weil die Vorralsflaseben einen best iinniten 
llauni verlangen. Ausgescldossen ist es, den Energie- 
vorrat flir cine gauze oder wenigstens fiir nine Imlbe 
Schiebl he i sieb zu ftiliren. Line meb rfaclie I uliung wiili- 
lend einer Scliiebt ist nolwendig. Ls betlarf also der 
A'erlegung der Hobre flir boeligespannle I'niekhifl bis in 
die Billie der Abbaue. Darin duffle ein I laiiplbuidern is 
flir die Einfulirung die.ser Lokoinoiiven liegen. 1 roizdein 
zwingl das geringe Speielierverniiigen zu s]iarsamer \ er- 
wendung lies Luflvoirates. Dureli Melirlaeliexpansion isl 
dieses Ziel niclit zu erreiehen. da deren \ nrteile dureli 
Yerluste bei dem liiiufigc.ii Anfaliren verloreiigehen. 

I lie Zwiselienwarnier ei'lordern Plat/,, der bier mit itiiek- 
sielil auf den Luftvorral beseiiders koslbar isl. Da sieii 
zudeni der Doin' tJiigleiebfiiriiiigkeitsgrad des Motors auf 
dc'ii scideclit verlegton Sebienen der Abbausl reckon be- 
senders naebteilig gellend niaebl, sind einzeine l iriuen 
von der sonst iiblicben Annrilnung des Motors abgegan- 
geu und zu neuen Konst rukl iiineii gekommen. die den 
schlecliten Sebienen, den kuiv.en Streeken und dem luiu- 
figoii Anfaliren Redlining tragen sollen. 

Dio Mascliinenfabrik Jung, Jungentlial (Yertrieb 
dureli B ergbau G. in. b. ii., Dortinuud), bemuzt einen 
einiadi wirkenden Vierzylinderinotor, der bei 25 at Ar- 
beitsdruok das gesamte Druekgefalle oline Zwiseben- 
stufen im Gleiclistroniverfaluen ausnutzl. Die vier Zy- 
Hndcr sind urn 90° gegeueinander versclzt. Die Luft 
trill an dor Deckelseile dcs Zylinders dureli cine A entil- 
steucrung ein, um an der cntgegeiigesetzlen Seite dureli 
Scblitzc auszupuffen. Ein Ausdriicken der Lult dureli 
den Kolbcn findot niclit. stall, so daft der vcrbleibende 
Luftrest im Zylinder verdicblet und erwarmt wird. 
Die aus deni Arbeitsbebiilter eintretemle Druckluft 

5 ) Unfftllo iui Onickluf'tlokomolivbetrieK „(.Jliickauf~ Uil. 57 (1921) 
P. 1284. 


misclit sic.li mit dicser erwarmten Lufl, Dadurc)^ wird 
cine V ereisung des Zylinders verinioden, obgieicli im 
Auspuff Tcmiicraturen von — 70° gemessen sind. Als 
A r orleile dieses Motors, die dem Verziclit auf die lUick- 
gewinnung von AVarnio in den Zwisolienwunncrn 
zwiseben den Expansionsstufen gegenubersteheu (im Ar- 
bcitsbeliiiltcr zwiseben Druckmindervcntil und Zylinder 
findet natiirlich Z wischenwiirniutig stall) , werden gcltend 
gemacbl : Lurch die Ventilsteuerung ist man in der Dago, 
den Fullungsgrad des Zylinders lieliebig zu veriindern, 
so dull bcim Anfaliren mil groften Fullungen (0 vM Ex 
pansion), bei glciclimaftiger Falirt aber mit holier Expan- 
sion (bis 50 vM) gearbeitet werden kann. Dor Motor isl 
in jeder Slellung falirbereit. Line Fiillung dcs groften 
Nicdord ruck zylinders mit Frisebluft koinmt niclit in 
Frage. Neben grbftter Einfaclibeit der Steuerung und 
rubigom Gang ist. dadurcb gcrade beim Anfaliren geringer 
Euftvcrbraucli erreiclit. Die Umlaufzahl derarliger Mo- 
toren ist natiiriich crbcblicli libber als die der gowblm- 
liclien Lokoiiiolivmotoron, so daft cine Kegel- oder 
Sch necken radii berselzung cinzusclmltcn ist. 

Bei Versuchen, die vom Dainiifkesseliiberwacliung- 
verein Sicgen vorgenommen wurden, ergab sieb bei Falin 
mit einem 20 t schwercn Zuge ein Vcrbrnuch von 0,867 in' 
angesogener LuFt auf 1 Brutlo-tkm. llier hnndclt es sieii 
jcdocli um besoudors giinslige Bcdingungen, besonders 
vorziigliebo Schionenlage. In Abbaustrecken reebnet die 
Lieferfirma sclbst mit einem Vcrbraucli von 1.25 nP/tkm. 
cine Zalil, die von den Lokomotiven mit mclirfacbcr Deh- 
muig sicberlieh niclit iiberlroffen wird. 

Von ahnliehcn Gedankeu ist die Berliner Mnscliinen- 
bau-A.-G.. vorm. L. Scb warlzkopff, bei Roust rukt ion ilirer 
Abbaulokoinotiven ausgegangen. Sie verwendet einen 
sternfiirmigen Fiiiifzylindcrmolor, dem die Arbeilslul i 
von 25 at Spannung aus dem Arbeitsbebiilter liinter dem 
I U ueknii ndervent i 1 dureli nine Kingleitung ziigefiilil't wird. 
Der Arbeitsbebiilter ist als Zwisclicnwiiriner nusgebildei, 
so daft die Luft fast mil Grubenlem|ieiatur den ebenfalls 
nacli dem < ! leielist roinverfahren arbeilenden Zylindern 
ziigefiihrt wird. Dureli Verwcndiuig von Lciehtmotall 
fiir die Kolbcn wird die Masse der bcweglen Teile ver- 
iiiindert. Auf diese AVeisc ist es gelungeu, einen Motor 
zu ballon, der ruhigen Gang der Lokomotive aucli auf 
seiileclitein Gesliinge orgibl und wenigstens auf kur/.eii 
Fbi'dersl reckon den Moloren mit inclirfacber Dohming 
hi usielil 1 ieb Lu ft verhraueli iibeilegen ist. Abb. S zoic l 
ei ue sob'lie Lokomotive mit abgenommonom Fiilircrsi / 
und gelbslem Motor. 

Line Foige dicser Lot wickluug der Abbatilnkninol ivi n 
ist die jiingste Entwieklung auf dem Gebicle der i I an | >1 - 
si l oeken-Lnknmot i veil : die Firma KrhwaiT/.knpf f bat 

einen iiliulieb gebanlen, Rlenifbrmigeii Secbszylindenmili.r 
liei ausgeliraelit, den sie fiir I Iruoklull lukoiiinl i veil in 
Ilaiiptst reckon verwenden will, wciin es sieii um verlialt- 
nismiiftig kurze Fbrderwege bandi'lt. Fiir lange Fiirder- 
wege will sie ibre Moloren mit dreifacher 1'eiinung 
lieibi'lialten. I B 31691 
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Table I. — H. K. Porter Co.’s Two-stage Compressed-air Locomotives, Class B-P-0 


f Diameter (in.), high pressure 

Cylinders ■{ Diameter (in.), low pressure 

( Stroke (in.) 

Diameter of driving wheels (in.) 

Rigid wheel base (ft. and in.) 

Length over bumpers (ft. and in.) 

f T7 P 

* Extreme width outside gage at cylinders (in.) ^ j p 
Height (see note below). 

Main reservoir capacity (cu.ft.) V P.i.>avyv.£.. . . . 

Main reservoir length (ft.) 

Main reservoir diameter (in.) 

Main reservoir charging pressure (lb. per sq.in.) 

Auxiliary reservoir pressure (lb. per sq.in.) 

■41 

9 

10 

22 

2-9 

9 to 12-6 
11 
12 i 

20 to 60 
6 to 9 
24 to 36 
700 to 1,200 
250 

51 

11 

10 

23 

2-9 

10 to 12-6 
12} 

141 

30 to 75 
7 to 11 
36 to 40 
700 to 1,200 
250 

6 

12 

12 

24 

3-0 or 4-0 
12 to 15-6 
13 
15 

60 to 104 
9 to 12-6 
36 to 40 
700 to 1,200 
250 

7 

14 

14 

26 

4-0 

12 to 1S-G 
14 
10} 

60 to 120 
9 to 15 
36 to 40 
700 to 1,200 
250 

Weight in working order (lb.) 

7,000 to 10,000 

10,000 to 13,000 

14,000 to 17,000 

18,000 to 22,000 

Tractive force (lb.) 

t Hauling capacit} 7 — in tons of 2,000 lb. (exclusive of loco- 
motive), 20 lb. per ton rolling friction: 

1,450 

2,200 

3,000 

4,400 

On absolute level 

68 

104 

142 

210 

On 1 per cent grade 

32 

49 

67 

I 100 

On 2 per cent grade 

19 

30 

42 

63 

On 3 per cent grade 

13 

21 

29 

45 

On 5 per cent grade 

7 

12 

17 

26 

Weight per yard of lightest rail advised (lb.) 

16 

16 

20 

30 

Radius of sharpest curve advised (ft.) 

15 

15 

20 

30 

Radius of sharpest curve practicable (ft.) 

12 

12 

15 

20 


* Width outside of gage line may be reduced by special construction. 

t These hauling capacities are maximum for conditions stated. For satisfactory operation train weights should be 50 to 90 per cent of above figures. 
Note. — M inimum height is dependent upon gage of track; narrow gages require more height than the wider. 
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Table II. — H. K. Porter Co.’s Two-stage Compressed-air Locomotives, Class B-PP-O 


f Diameter (in.), high pressure 

Cylinders ( Diameter (in.), low pressure 

1 Stroke (in.) 

Diameter of driving wheels (in.) 

Rigid wheel-base (ft. and in.) 

Length over bumpers (ft.) 

* Extreme width outside gage at cylinders (in.) ( 

Extreme width across main reservoir tanks (ft. and in.) . 

* Height above rail (ft. and in.) 

Main reservoir, 2 tanks, capacity (cu.ft.) 

Main reservoir lengths (ft.) 

Main reservoir diameters (in.) 

Main reservoir charging pressure (lb. per sq.in.) 

Auxiliary' reservoir pressure (lb. per sq.in.) 

7 

14 

14 

26 

4-0 

14 to 20 
14 
16* 

5-5 to 6-5 
5-0 to 5-10 
97 to 160 
10 to IS 
30 to 36 
700 to 1,200 
250 

8* 

12 and 12 
14 
26 
4-6 

16 to 20 
154 

ie| 

5-5 to 6-5 
5-0 to 5-10 
114 to 210 
12 to IS 
30 to 36 
700 to 1,200 
250 

9* 

14 and 14 
14 
26 
4-6 

18 to 21 
16* 

171 

5-10 to 0-10 
5-0 to 5-10 
160 to 275 
14 to 20 
32* to. 38* 
700 to 1,200 
250 

10 

14 and 14 
14 
26 

2o'to > 23 

17* 

17* 

5-10 to 6-10 
5-5 to 5-10 
160 to 290 
16 to 21 
32* to 38* 
700 to 1,200 
250 

Weight in working order (lb.) 

20,000 to 27,000 

2S,000 to 36,000 

ESISISISRPEISm 


Tractive force (lb.) 

Hauling capacity — in tons of 2,000 lb. (exclusive of locomo- 
tive), 20 lb. per ton roiling friction: 

4,400 

6,400 

S,000 

' 9,000 

On absolute level 

206 

305 

380 

437 

On 1 per cent grade •. 

96 

145 

180 

207 

On 2 per cent grade 

59 

92 

113 

130 

On 3 per cent grade 

31 

65 

80 

92 

On 5 per cent grade 

22 

38 

46 

53 


30 

40 


50 


30 

35 

40 

50 


16 

18 

20 

25 


* This may be decreased in special cases. 


Table m. — H. K. Porter Co.'s Two-stage Compressed-air Locomotives, Class C-PP 


( Diameter (in.) H.P 

Cvlinders -J Diameter (in.), L.P 

( Stroke (in.) j 

Diameter of driving wheels (in.) 

Rigid wheel-base (ft. and in.) 

Length over bumpers (ft.) 

* Extreme width outside gage at cylinders (in.) ( ^ -p 

Extreme width across main reservoir tanks (ft. and in.) . . 

Height above rail (ft. and in.) . 

Mam reservoir (2 tanks) capacity (cu.ft.)... 

Main reservoir lengths (ft.) 

Main reservoir diameters (in.) 

Main reservoir charging pressure (lb. per sq.in.) 

Auxiliary reservoir pressure (lb. per sq.in.) 

7 

14 

14 

26 

14 6^20 
14 
16* 

5-5 to 6-5 
5-0 to 5-10 
97 to 160 
10 to 18 
30 to 36 
700 to 1,200 
250 

8* 

12 and 12 
14 
26 
5-6 

16 to 20 
15* 

16| 

5-5 to 6-5 
5-0 to 5-10 
114 to 210 
12 to 18 
30 to 36 
700 to 1,200 
250 

9* 

14 and 14 
14 
26 
5-6 

18 to 21 
16* 

17* 

5-10 to 6-10 
5-0 to 5-10 
160 to 275 
14 to 20 
32* to 38* 
700 to 1,200 
250 

10 

14 and 14 
14 
26 
C-6 

20 to 23 
17* 

J 

5-10 to 6-10 
5-0 to 5-10 
160 to 290 
16 to 21 
32* to 38* 
700 to 1,200 
250 

Weight in working order (lb.) 

20,000 to 27,000 

2S,000 to 36,000 

32,000 to 42,000 

43,000 to 46,000 

Tractive force (lb.) 

4,400 

6,400 

8,000 

9,200 

Hauling capacity 

The figures in Ta 

ble II apply here a 

Iso. 


Weight per yard of lightest rail advised (lb.) 

25 

30 

35 

40 

Radius of sharpest curve advised fft.) 

50 

50 

50 

70 

Radius of sharpest curve practicable (ft.) 

30 

30 

30 

50 


* This may be decreased in special cases. 


Fig. 5 shows a small locomotive with -1 by 7-in. cylinders. The 
operator’s seat is detachable, so that the locomotive can be transferred 
from one level of a mine to another, on a cage with a 5-ft. platform. 
This design is suitable for small inctal mines, or for gathering ears from 
working places in collieries, to make up trains on main haulageways. 
For mines having very steep local grades, the II. K. Porter Co. has 





















to the auxiliary reservoir, thence through a by-pass valve to the reheater, 
and finally to tho cylinders. 
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Fig. 5. — II. K. Porter Co.'s Locomotive for Small-scale Work. 
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Fia. 7. — II. Iv. Portor Co.’s Locomotive, Class C-5Ps-0. 


Locomotive Details. — The tanks have dished or approximately 
hemispherical ends, anti are built of heavy boiler plate, with a tensile 
strength of 00,000-08,000 lb. per sq. in.; the shells arc | to J- in. thick, 
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Table IV. — Data on Compressed-air Haulage Plants (Dec., 1929) 


Number of locomotives in 

use 

Weight of locomotive, \ 

pounds j 

Dimensions, inches: 

Width 

Height 

Length 

Track gage, inches 

Draw-bar pull, pounds 

Capacity, main tank, cubic 
feet 

Capacity auxiliary tank, 
cubic inches 

Tank pressure, pounds. 
Initial cylinder pressure, 

pounds 

Cars per train 

Weight of car, pounds 

Weight of car contents, 

pounds 

Cost of haulage per ton- 
mile, cents 


U. S. S. E 
ing Co., 
Canv or 

Main 

.. <fc Min- 
im gham 
, U tah 

Inter- 

mediate 

Ray Mine, 
Arizona 

Inspiration 

Mine, 

Arizona 

Philadelphia 
& Reading 
Coal & Iron 
Co. 

Homestake Mine, South Dakota 

3* 

3t 

23§ 

18 

42 

2 

2 

20 

10 

10,000 

8,000 

10,500 

20,000 

14,000-25,700 

/ 2S,000}[ \ 
\ 26,000 j 

17,000 

10.000 

7,000 

48 

45 

58 

64 

79 

63 

52 

40 

36 

65 

58 

61 

69 

64 

82 

76 

61 

57 

164 

127 

208 

192 

192 

270 and 256 

178 

106-135 

106 

18 

18 and 24 

30 

30 

44 and 48 

22 

22 

18 

18 

3,000 

1,450 

3,000 

5,000 

3,500-4,500 

6,400 

3,000 

2,200 

1,450 

90 

40 

82 

105 

78-110 

165 and 137 

70 

28.5-40 

20.5 



2,488 


5,040 

/ 4,368 1 

2,550 

990-1,340 

640 

900 

900 

850 

800 

900 

\ 3,456 J 

900 

900 

900 

900 

250 

250 

200 

250 

150-300 

250 and 170 

170 

145 

145 

7 

8 

20-30 

25 (max.) 

8-18 

31 

11 

25 

12 

8,300 

1,900 

3,000 

3,900-5,475 

5,000 

5,100 

5,100 

1,200- 

1,600 

16,000 

4,000 

10,000 

9,000-10,000 

8,550 

9,400 

9,400 

2,000 

2,000 

10.50 } 

13.05} 


13.0 

4.0 






Notes. — All locomotives listed above were built by the II. K. Porter Co., except 10 of those in the Philadelphia & Reading Coal & 
Iron Co.'s mines, which are by the Baldwin Locomotive Works. Locomotives working with initial cylinder pressures of 250 lb. and over 
have compound cylinders; the others have simple cylinders. 


* Cylinders, 6 by 12 by 12 in. t Cylinder*. 4J by 9 by 10 in. } Total coat except depreciation. 

( Average haul, 0.83 mile (in thia mine air haulage ia being gradually euperseded by electric haulage). r . For surface haulage, ahafta to ore bina. 


loaded, 8,800 lb.; 15-38 cars per trip; total output, 000 cars per 10 hours. Itound- 
tiip time, 12 min.; charging time, 1 min. A round trip and a half can bo mado with 
one charging. 

(b) Slopo level — 1 locomotive. 

Length of haul, 3,200 ft., of which 700 ft. is on an adverse grado of 4y ff to 5J per 
cent. Grade of main gangway, to ^ of 1 per cent, in favorof load. Trains of 
10 cars arc hauled ou main gangway, and 4 cars on the slope; weights of cars sumo ns 
above. 

Iiocoinotivc-tank pressure at start, 000 lb.; at end of trip, 200 lb. Average 
working pressure, 180 lb. 

The cost of the plant and Its operation was as follows (pre-war prices): 


One Norwalk 3-stnge compressor, erected $5,180.74 

Pipe-line, 4,200 ft., 5 in., including three charging stations 2,951,00 

Two Baldwin compressed-air locomotives and fittings 4,901.33 

Alterations in gangways to adapt them to locomotive haulage 005. 17 


Total cost $13,701.30 


Daily operating cost, for ISO days in the year $14.09 

Fixed charges, depreciation, repairs, etc., figured at 10 per cent, together 

with cost of steam power 0.00 


Total running expenses per day $23.09 


Haulage cost per car, at 000 cara per day 3.0 cents 

Previous cost of mule haulage per car 5.1 cents 

Saving per year, about $1,800.00 


For full operating details and costs of an old compressed-air haul- 
age plant fit a Pennsylvania anthracite mine, see Trans. Amcr, Inst. 
Min. Engs., Vol. XXX, p. 5C6. 
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DieselloKomotive mit DrucKluftubertragung } 

Von Dr.-Ing. J. GEIGER, Augsburg 

Die Erwagungen thermischen und konstruktiven Charakters bei, der Ausarbeitung der Druckluf t- Ubertragung tverdcn 
besprochen. Die erste behclfsmafiige Versuchsanlage gab Aufschlufi iiber den Wirkungsgrad der Ubertragung und die 
Betriebssicherheit bei Ausnutzung der Abgaswdrme. Die cndgiiltige Ausfiihrung zeigl die Mafinahmcn zur Erzielung 

eines moglichst holien Liefergradcs. 


A Ls im Jahre 1925 anlafilich der 01. Hauptversanimlung 
des Vereines deutseher lngenieure zu Augsburg 
durch. den Yortrag ,,Dieselmotor und Kraftiibertra- 
gxuig bei GroBollokomotiven" 2 ) bekannt wurde, da£ die 
MAN zusarnmen mit der Maschinenfabrik EBlingen fiir die 
Deutsche Reichsbahn eine Diesellokomotive mit Druck- 
lufriibertragung bauen wolle, wurde diese Mitteiiung 
tod vielen Seiten mit Kopfschiittein aufgenommen. " Man 
bezweifelte nicht nur den errechneten Wirkungsgrad 
von fast 26 vll, sondern aucli crnsthafte Fachleutc 
spracben von „Eisfabrik nuf Kiidern“, schlecbtem Wir- 
kangsgrad, verwickeltem Zusammcnhau von drni Maschi- 
nen (Dieselmotor, Kompressor und Luftmaschine), 01- 
explosionen und Lebcnsgefahr fiir die Besatzung. Diese 
Bedenken kennzeicbneten don Ernst der Saehlagc uml die 
zu iiberwindenden Scliwierigkeitcn. 

Worauf man sieb damals stiilzen konnte, das waren 
theoretisehe Untersuchunge,n, die bereits Ende 1918 und 
Anfang 1919 durchgefiihrt worden waren. Sie, batten die 
Moffliclikeit gezeigt, insbesondrc durcii Ausnulzen der Ab- 
warme der Auspuffgase den Wirkungsgrad der Obertra- 


Diese Anlage, Abb. 1 und 2, die behelfsiniifiig aus 
vorhandenen Masehinen und Teilcn zusammengestellt 
wurde, bestand aus einem elektrisch angetriebenen Kom- 
pressor a, einem Druckluf tkessel b, einer MeBdtise c, 
einem Wasserabscheider d, einem Lufterhitzer e und 
cndlich einer liegonden Luftexpansionsmasebine f. Der 
Kompressor war der Teil eines 1200 PS-U-Boot-Motors, 
von dem man da.s Triebwerk der Dieselzylinder und < I ie 
Ilochdruekseite des Einblasekompressors entfernt liatte. 
Der Erhitzer wurde mit Auspuffgason einer in der Niihe 
stobenden Dieselmasciiine beheizt. Din Druckluf tmascbino 
war eine alte Dampfmaschino mit Ridcrschiebcr. Die 
V crsuche bezweokten, nicht nur den Wirkungsgrad der 
Ubertragung fiir gegebene Verhiillnisso fcstzustcllon, 
sondern insbosondro aucli den Druck zu ermitteln, bei 
welchem der Wirkungsgrad den Grbfltwert erreiclito. 
AuBcrdem sollte die Betriebsiclierheit, z. B. die Mbglich- 
keit von Olcxplosionen odor Eisbildung, gepriift werden. 
Aus <len damaligen Vcrsuchsergebnissen sei folgendcs 
hervorgehoben : 









j Den hochsten Wirkungsgrad ergab die tlbertragung 
niit Druckluft von 3 at 'Oberdruck. 

2 , Der indizierte Wirkungsgrad (indizierte Leistung 
der Druckluftmaschine zu indizierter Leistung des 
Kompressors) stieg bei Druckluft von 3 at und 
250 ° bis auf 94 vH; der nutzbarc' Wirkungsgrad 
crreichte fast 70 vH. 

g, Fisbildung, nucli bei kalter Anlage, Olbrande oder 
Explosioncn sind nicht aufgetreten. 

Die Versuehe batten also bcwiescn, dafi man durcli 
^ us nutzon dor Abgaswiirme don Wirkungsgrad erlieb- 
|j C li iiber den bisber bei Druckluftiibcrtragungen erziel- 
t en steigern kann, ohne dafi die Betriebsicherheit ab- 
nimint. 

Bei Anwcndung dieser Ergebnisse auf eine Loko- 
motivc waren aber noch manche Sehwierigkeilen zu 
UbervHnden. Unter anderein war es ausgaschlossgn, mit 
Druckluft von 3 at Lokomotivzylindcr zu betroiben; sio 
bfttten unausftibrbar grofle Abmessungen erbalten. Wei- 
ter niulHc man auf der Lokomotive mit viel kleinerem 
Raum und Gewicht auskommen. 

Dieses Ziel wurde erreicht durcli sorgfilltige Unter- 
suchung allcr Verlustquellen; bierdurch wurde die Bnu- 
art aller Teilc der Druckluftiibertragung mit Ausnabine 
der Lokomotivzylindcr und ilircs Triebwerkes beein- 
flufit. Auilerdcm knm ein neues Mittel, die Wasscrein- 
spritzung zuin Kiihleu des Kompressors zur Verwendung. 

Steuerung des Kompressors 

Um cincn mdglicbst Jiobcn Liefergrad und damit aucli 
einen guton tbermiseben Wirkungsgrad des Kompres- 
sors zu crrcichcn, wurde der schiidliche Raum des Kom- 
pressors so klein wie mbglicli beinessen. Da mit Riick- 
eiclit auf Wnrmedchnungen und Zapfenspiel ein gewisser 
Abstnml zwischen Zylinderdeckel und Kolbcn beibebalten 
werden mull, trachtete man, Tatsachen fiir Ventile oder 
sonstige Teile der Steuerung zu vermeiden. Dnher 
wurden Ventile fiir die Steuerung gownlilt und diese 
vollstiindig im Zylinderdeckel untergebraebt. 

Selbsttiitige Saugventile der iiblichen Ausfiihrung 
haben, wie Versuehe zeigten, einen ziemlich grollon 
Wider.sland, der sclion bei Drehzablen von 90 bis 
100 U/min den Liefergrad vermindert. Das konnte sich 
hier um so seblimmer auswirken, als mit Riicksicht 
auf Raum und Gewicht fur den 1200 PS-Dioselkompressor 
die Drehzahl von 450 U/min gewiihlt werden muBte, Fiir 
iede Kolbenseite wurden daher zwei von einom gemcin- 
samcn Nocken gesteuerte Saugventile verwendet. 

Die Auslaflsteuerung wurde besonders griindlichen 
Versuchon unterworfen. Dio jetzt eingebauten selbst- 
tatigen Druckventilc, Abb. 3 und 4, bestehen aus je fiinf 
konzentrisclien Ringplatten, die durcli scliwaclic zylindri- 
sche Schraubenfcdern nicdcrgedriickt werden. 

Der Komprossor ist mit dem Dieselmotor ohne Kupp- 
lung zu einem stoifen Ganzen vercinigt. Seine Grund- 
Platte ist einc Fortsetzung der Grundplatte des Diesel- 
motors und li at die gleiclion Abmessungen wie diese. 
Das letztc Lager des Dicsclmotors ist zugleich das erste 



Abb. 3 und 4 

Druckvcntil, aufgenommen unmittelbar nach Er- 
ledigung samtlicher Probefahrten, in ungoreinig- 
tem Zustande. 

Abb. 3. Bliek auf den Ventilsitz. 

Abb. 4. Blick auf den Ventilfanger. 


Lager des Kompressors. Durcli diesen festen Zusammen- 
bau wurde an Raum und Gewicht gespart und eine Ver- 
steifung des Lokomotivrahmens erreicht. 

Fiir den Wirkungsgrad der Ubertragung wichtig ist 
die erhebliche Verbessorung des meehanisehen Wirkungs- 
grades des Kompressors. Sie zeigte sich darin, dafi der 
mechanisehe Wirkungsgrad der gesamten Gruppe auf- 
fallend, liocli war. Etwas beigetragen hat hierzu auch 
das Fehlen des Sob wungrades; zum Schalien des Diesel- 
motors wujgle nur eine leichte Sclieibe vorgesehen. Dies 
ware bei Zahnraderubertragung nicht zulassig gewesen, 
weil die ZahndrUcke nur ganz wenig schwanken dtirfen; 
der Antrieb eines Luftkompressors konnte dagegen fast 
beliebig ungleichformig erfolgen. 

Kiihlung des Kompressors 

Eine Kiihlung der Zylinderdeckel, wie bei Kom- 
pressoren fast allgemoin tiblicli, ware hier thermodyna- 
misch falsch gewesen. Da auf der Lokomotive zum 
Klihlon nur Wasser mit 60 bis 100° zur Verfiigung stelit, 
wiihrend die Luft nus dem Freien aucli im Hoehsoinmer 
mit nicht inehr als 25 0 angesaugt wird, so hatte die Ktih- 
lung der Saugseite mit Wasser in Wirkliclikeit keine Kiili- 
lung, sondern eine Heizung bedeutet und den Lieferungs- 
grad und den Wirkungsgrad der tlbertragung ver- 
schleclitert. 

Auf der Druckscite des Zylinderdeckels hatte die 
Kiihlung mit Wasser ein Abktthlen der Druckluft be- 
dingt und einen Verlust bedeutet, da die Druckluft unmit- 
telbar darauf in den Erliilzer gclangt. Die Zylinderlnuf- 
fliiche zu kiihlen, ware zwar nicht falsch gewesen; 
eine solclie Kiihlung liiittc aber bei einem so groBen und 
zugleich schnellnufendcn Kompressor zu wenig gewirkt 
und den Verlauf der Verdiclitung nur ganz wenig unter 
die Adinbntc erniedrigt. 

Dazu kommt nocli, dafi wiihrend der ersten Ilalf te 
des Hubes die Luft noch kalt ist. Wenn also die Ktih- 
lung der Zylinder iiberlnaupt wirken soil, so mull man im 
Kreislauf iiber Kiihlwasser von hochstens 40° verfiigen. 
Das fUlut aber bcim RuckkUlilen des Wassers durcli die 
AuBcnluft“zu KUhlern von Abmessungen, die sich fiir 
eine Lokomotive naliezu verbieten. 

Ahnliches wie fiir die Kiihlung der Lauffliiclio gilt 
auch fiir die KUlilung des Kolbens. Trotzdem wurde der 
Kompressor so Rebuilt, dafi Lauffliiclie und Kolben ge- 
kiihlt werden konnen, weil die von Anfang an vorgo- 
schlagene neuartige Einspritzkiihlung, mit der der Kom- 
pressor auch ausgefuhrt wurde, noch nicht erprobt war. 
Abgeselicn von Vorvorsuchcn wurden aber diese Ktihlun- 
gen nie verwendet. 

Die Einspritzkiihlung darf man nicht mit dem Bc- 
trieb bei sogenannten „nassen“ Kompressoren verweeh- 
seln; denn die Luft ist am Ernie der Verdichtung nicht 
nail. Das in den Ilubraum eingespritzte Wasser wird 
nicht nur vollstiindig verdampft, soiidern sogar hoch iiber- 
hitzt. Nach diesem Verfahren 3 ) , wird niiinlich in den 
Zylinder nur so viel Wasser eingespritzt, als durch die ent- 
stehende Verdichtungswarme mit Sicli.erlieit verdampfen 
kann. Bei yerdichtcn von 0.95 auf 7 at kann man so im 
Grenzfnllo durcli Wassereinspritzen den Exponenten der 
Verdielitungslinie von 1,41 auf 1,097 erniedrigen. Die 
Temperatur am Ende der Verdichtung wiirde dann nur 
85 ° betragen. Man kann also auf diese Weise eine sehr 
viel wirksamcre Kiililung erreichen als mit Mantelkiih- 
lung, die bei groften Abmessungen und holien Drehzablen 
auf keinen Fall geniigt. 

Von dem theoretisch moglichen Grenzwert der Ein- 
spritzmengo bleibt man aus Betriebsgrunden ziemlich 
weit entfernt; man spritzt nur soviet Wasser ein, dafi 
die Luft beim Austritt aus dem Kompressor 180° hat. 
Die Lokomotive ist ferner den groilten Teil ihrer Be- 
triebszeit iiber nicht voll belastet und bei Teillast wird 
im Gegensatz zur Dampflokomotive der Druek -in den 
Zylindern verringert. Infolgedessen fahrt man im Durch- 
schnitt nur mit 4 bis 5 at Zylinderdruck, wobei erheb- 
lich weniger Wasser ausreicht, um zu verhindem, dafi 
die Temperatur der Luft 180 ° iiberschreitet. Im prak- 
tischen Betrieb ist daher der Verbrauch an Einspritz- 
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Abb. 5 

Druckluftsammelstutzen nach Beendigung samtliclier 
Probelaufe. Linke Seite ungereinigt, recble Seite mit 
Schabcr gereinigt. 

wasser so gering, daJJ man das Verfahren auch in w as.se r- 
losen Gegenden anwenden kann. Jedenfalls steht der Be- 
darf an Einspritzwasser in keinem Verhaltnis zu dem 
Speisewasserbedarf diner Dampfiokomotive fur die 
gleiche Anzabl von Tonnenkilometern. 

Man liatte zunaclist befiirchtet, dafi Yerunreinigungen 
des Wassers den Kompressor oder die Druckventile ver^ 
schmutzen und den Betrieb storen kbnnten. Die Wirk- 
lielikeit ist aus Abb. 3 und 4 zu ersehen; sie zeigen ein 
ungereinigtes Druckventil, das samtlicbe Probefahrten 
und die Abnabmefabrt der Reichsbahn mitgemacbt liatte, 
wobei zum Einspritzon gewobnlicbes Speisewassw fur 
Lokoinotivcn benutjd wordon war. In Gegenden mit stark 
unreinem Wasser kann man das Wasser zur Scbonung 
des Komprcssors reinigen. Da der tiiglichc Wasser- 
bedarf nur ein Hundertstel des Bedarfs einor gleicb star- 
ken Dampfiokomotive betragt, so verursacht eine solehe 
Anlage nur unbedeutende Kosten und kann, wenn not- 
wendig, leieht von einem Ort an einen nndern gebraebt 
vverden. 

Thermodynamiscb betraebtet, ist die Wasserein- 
epritzung bcim Kompressor gerade das Gegenstiick zur 
Brennstoffeinspritzung beim Motor. Wiilirend der Brenn- 
stoff die Teinperatur der Luft erliolit und damit das 
Diagramm entwickelt, verbindert das Wasser die Tem- 
peraturerhohung der Luft, damit das Diagramm mog- 
lichst klein wird. 



Abb. G 

Blick in den Erhitzor nach Beendigung der Augsburger 
Versuche. Man erkonnt, dali an einzelnen Stellen 
eine gnnz scliwache Buflscbieht weggekratzt wurde. 

Noch wichtiger als die Wassereinspritzung ist dor Er- 
hitzor fiir die Erzielung eines guten Wirkungsgrades 
der Ubertragung. Er arbeitet im Gegenstrom, und damit 
man ihn leicbt reinigen kann, werden die Auspuffgase 
durch die Robre und die Luft um die Rohro herum ge- 
leitet. Aus dem gleichen Grunde ist der Erbitzer an der 
Auflenwand der Lokomotive angeordnet. Wie gering 
die Verschmutzung das Druckluftsammelstutzens und des 
Erhitzers ist, zeigen Abb. 5 und 6. In Abb. 5 zeigt die 
linke Seite des Druckluf tstutzens den Zustand, in dem sich 
die Oberfliiche nach Beendigung der ausgedehntcn Augs- 
burger Versuche befand; die reebte den Zustand, nach- 
dem die Robre mit einem Schabor gereinigt worden waren, 
wie man an den Kratzspuren erkennt. 

Abb, 6 zeigt eiri Endo eines ErhitzerrohrbiindcL nach 
der gleichen Betriebsdauer, ebenfnlls in ungereinigtem 
Zustand und teihveise abgekratzt. Die Oberl'lache 
ist von einem ganz schwacben Rullhnuch bedeckl, der, 
wie Messungen bewiosen liaben, don Warmeubeigang 
nicht stort, zumal beim Entwurf des Erhitzers mit einor 
soiir viol starkeron Ruflschicht gereebnet und die Wiirme- 
durcbgangszabl entspreebend niedrig eingesetzt wurde. 

[B 4223] 
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.Storage-battery locomotives are used 
as an auxiliary to trolley-locomotive 
transportation or as the sole means of 
mechanical hauling. When iirst intro- 
duced they were hu ge and cumbersome ; 
they are now small, compact, and 
flexible in operation. The smaller 
models can be transported from level 
to level on the mine cage, thus adding 
greatly to their efficient use. These 
small models are replacing animal haul- 
age, and are .also a competitor ot the 
smaller units of trolley locomotives. 

A brief review of the more impor- 
tant data relative to transportation by 
this system is given for several widely 
scattered mines: 

ILmoicr Bessemer, Eierro, N. M., I. L. 
fi.'O't, — Seven-ear trains are hauled by 
Mon storage - battery locomotives 
equipped with SO-A Edison eells. (Jars, 
i>i the (jriflith bottom-dump type, have 
a capacity of 5 long tons. Ore chutes 
are equipped with over- and undercut 
aii' gates. Ore is trammed through the 
Lniou Hill adit to a Ding's magnetic 
cobbing plant. Costs are given in 
Table 1. 

( levcland-Cliffs, / slipcming , Mich., 
"Mm. dr Met," March, 1927 — Storage- 
battery locomotives haul trains of cars 
each with a capacity of 2.5 long tons or 
2,8 short tons. Tramming distance is 
1.500 ft., and 50 cars, or 140 short tons, 
arc hauled per motor-shift. The tram 
crew consists of a motorman and a 
helper. The cost of operating the stor- 
age-battery locomotive per day is as 
follows: Locomotive depreciation and 

repairs, $1.21 per day; battery deprecia- 
tion and repairs, $2.02; power, 20 kw.- 
hr. at 1.5c., $0.30: motorman, $4. (ill; 
helper, $4.15; total, $12.28 per day. On 
this basis, storage-battery locomotive 
transportation costs 8.8c. per short ton 
for a tram of 1,500 ft., or a rate of 31c. 
per ton-mile. 

Alaska Gastincau. Alaska, A.I.M.E., 
Vol. 63 — When this mine was operat- 
ing between 1915 and 1918, Granby- 
type automatic 4-ton side-dump cars, 
were used. Track rails were 35 lb., and 
the gage was 26 in. Six-ton Haldwin- 
\\ estinghouse storage-battery locomo- 
tives with Edison cells hauled 10-car 
trains. The train crew consisted of a 
motorman, two chute punchers, and one 
mucker. Average amount hauled per 
train-shift was 4S9 tons. The distance 
averaged about 600 ft. Cost of tram- 
ming per ton, 1915-18, was as follows: 
Labor, $0.0381; power, $0.0002; main- 
tenance equipment and track, $0.0146; 

This is one of a series of articles on the 
cost of metal mine transportation In the 
United States. 
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general underground expense, $0.0105; 
general mine expense, $0.0032 ; total, 
$0.0o66 per ton. 

United Verde, Jerome, .Ins., A./.M.E., 
Vol. 66 — Three-ton Haldwin-Wcsting- 
house storage-battery locomotives were 
used. Ore, from slopes on the 1,6 d 0 
level, was trammed an average distance 
of 200 ft. to transfer raises. When haul- 
ing 215 tons per shift, the total cost per 
ton was as follows: Labor (one motor- 
man, two loaders), $0,084; power (25 
kw.-lir. per shift), $0,004; depreciation 
mi motor equipment, $0,006 ; repairs and 
iii'peetinn, $0,002; total, $0.09O per ton. 

I Lulling waste to the stopes an aver- 
age distance of 350 ft., up a 0.4 per cent 
gis.ije. including loading and dumping, 
cn-t 50.153 per ton. Approximately 13a 
imi' u;t' hauled per motor-shitt. 

Unite Cf Superior, Butte, Mont., 
.1.1 M.E., Vol. 6S; also " M.&S.P 
A n:-. 26, 1921 — Costs per car of ore 
hauled in 1019 by a 3.5-ton Jeffrey stor- 
age-battery locomotive at the Black 
Rock mine were as follows; Power, 
$ 0 , 004 ; repairs to locomotive, $0.032 ; 
mntoriiian and helper, $0,069; total, 
$0.1 o5 per car hauled. Cars hauled 
totaled 60.5,372. Cars of waste hauled 
numbered 132, 415: average haul of a 
ear m ore was 800 ft.; and average haul 
ni a ear of waste. 747 ft. Because of 
heavy ground caused liv settlement of 
slopes and sills in the wide orebodies, 
small ears, 14 to 16 cu.ft., or 0.8-ton ca- 
pacity, were used. Cost on the above 
basis was about 13c. per ton for an 
800-it. haul. 

Anaconda. Butte, Mont., A.I.M.E., Vol. 
oS — In 1922, the standard type of loco- 
motive had a 3.5-ton chassis and was 
equipped with 105 Edison A-5 cells. 
Average length of haul was 1,500 ft. 
Average duty of a locomotive in 8 hr. 
was the hauling of 122.5 loaded cars 
and the returning of the empties. Ca- 
pacity of flic cars was about 1,800 lb. 

(. nrtc-. Cortez. A Vi'., EC. 6327 — Dis- 
tance i mm the ore pocket on the adit 
level to the portal of the adit is 3,200 ft. 

1 laming on this level is done with a 
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Locomotive haulage . . 

0.066 

$0.00* 

Track maintenance 

0.002 

0.006 

( 'ar maintenance 

0.011 

0.005 


0.006 


j»er long-tun-mile. . . . 

$0. i i I 

$0,012 

TV-t.ai p»’r .•hort-ton-imle . . • 

0.099 

0. 01 1 


3.5-ton storage-battery locomotive. A 
fully charged battery will handle 45 to 
50 cars in a shift without recharging. 
Cars are of the gable-bottom, side- 
clump type, having a capacity of 50 
cu.ft. or 3 tons of ore. A train con- 
sists of six cars and is handled by a mo- 
torman and a helper, who load the cars 
and dump them at the mill. They also 
handle all material and supplies taken 
into the mine. The motorman receives 
$5.75 per day and his helper $5.25. In 
1929, 43,806 tons was produced. On 
this basis the labor cost of tramming is 
7.7c. per ton, or 12.7c. per ton-mile. 
Central Eureka, Mother Lode, Cali- 
fornia, I.C. 6512 — Total underground 
tramming distance from the Old Eureka 
to the Central Eureka shaft is 1.800 ft. 
Ore is trammed in trains of six 1-tou 
side-dump, rocker-type ears drawn by 
a 1. 5-toil, 3.8-hp. storage-hatterv loco- 
motive. Ore chutes are provided with 
steel arc gates. The motorman receives 
$5 per shift and the helper $3.75. When 
loading and tramming 150 tons per 
shift tlie average cost for labor is 5.8c. 
per ton, or at the rate of 17.0 per ton- 
mile. 

Cortland, Cripple Creek, Colo., 
A.I.M.E., Vol. 72 — Three-ton storage- 
hatterv locomotives hauled 16-eu.ft. 
mine cars with a capacity of 1,500 lb. 
The longest haul was 3.500 ft. Two 
contractors were paid 7 or 8c. per car 
for loading, battling 2.500 ft., and dump- 
ing into shaft pockets. Upkeep costs 
were small. Cost of labor for hauling 
was about 21c. per ton-mile. 

Colorado, Cavanca, Son.. Mexico, I.C. 
6217 — Waste fill is trammed from a 
waste chute on the 700 level, an aver- 
age distance of about 400 ft., by 2.3-ton 
storage-battery locomotives and six 1- 
ton cars. An average of 65 tons is 
handled per motor-shift, but motors can 
handle as much as 100 tons when re- 
quired to do so. 

Pilarcs, A iacosari, Son.. Mexico. I.C. 
6307 — Storage-hatterv and trailer lo- 
comotives handle waste and ore on dif- 
ferent levels. Cars of 22- and 33-cu.tt. 
capacity, rocker-dump type, rated at 1 
ton and E5 tons, are used on levels 
below the 700. Sixteen-pound rails are 
laid on all levels except the 700 main- 
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Table I — Haulage Cost Per Long-Ton-Mile Hanover Bessemer 

Mine, 1929 

Labor Supplies Repairs Power Depreciation lota] 



haulage level. The motor-haulage ing cost where large tonnages are — Interest, 6 per cent on $15,000, $900 ; 
crew consists of two men on contract, handled by mechanical haulage is that depreciation, $2,400; operating costs, 135 
who load at the chutes, haul, and dump ore chutes and loading pockets are $10,560; total, $13,860. Storage-BaT 
the ore at the main ore dumps at the large, resulting in a freer flow of ore. tery System — Interest, 6 per cent on 

Guadalupe shaft. Costs of transporta- Chute gates are large and of efficient $10,000, $1,140; depreciation, $3,700; 

tion per ton-mile by both types of loco- design. In most large operations the operating costs, $8,780; total, $13,620. 

motives are: Trolley — 1929, $1.11; ore has already been drawn from slope He further states that “The cost of 

1928, $0.95; 1927, $0.92; storage bat- chutes, where bulldozers have prepared power for the trolley system of haulage 

tery — 1929, $0.63; 1928, $0.71; 1927, it for subsequent drawing from trails- is generally assumed to be lower than 

$0.99. portation raises by breaking up large that for the storage-battery system. 

Matahambre, Matahambre, Cuba, l.C. pieces and removing timber or drill Exactly the reverse is true, however. 

6145 — -Small storage-battery locomo- steel, all of which often give trouble in A material difference is in favor of the 

fives haul six to eight 20-cu.ft., end- the smaller hand-tramming chutes. In storage-battery system." He then points 
dump cars an average distance of 1,200 short, conditions for chute drawing out that charging can be done largely 
ft. Loading is done from chutes where mechanical transportation is em- at off-peak periods, resulting in a con- 

equipped with arc gates. Average duty ployed on a large scale are made as siderable saving in the power costs, 

for a crew of a motormau and helper, perfect as possible, and this accounts According to Everard Leland, in data 
per 8-lir. shift, is 100 to 150 tons. The for the great difference in loading costs already cited, the experience at Naco- 
motorman receives $2.25 and the helper when compared with hand tramming. zari has proved that transportation by 


$2. Labor tramming cost is 3.4c. per Storage Battery vs. Trolley Locomo- 
tou. live Transportation — Briefly to review 

Table II — Mine Haulage Costs Per Ton-Mile of Ore Hauled, 
1916-17-18, Storage-Battery Locomotives 


Location Art*. N.M. Art*. Mont. Alaska H.C. 

Weight locomotive 4 Ton 3 Ton 3 Ton 3 Ton 6.5 Ton 3. 5 Ton 

Capacity car, lb 2,000 2,000 1,800 1,500 6,000 4,000 

- Cents — * 

Power 1.6 1.6 2.3 3.3 1.5 3.7 

Labor and material. 29.5 35.8 19.8 60.0 .... 36.8 

Total operating 31,1 37.4 22.1 63.3 .... 40.5 

Locomotive maintenance 0.4 3.7 .... .... 3,2 

Car maintenance 6.1 1 1 . I .... , . . .... _ ' ’ ’ 

Track maintenance 5.8 23.2 .... 

Total maintenance 12.3 38.0 13.3 10.7 .... 5.3 

Total coat 43.4 75.4 35.4 74.0 62.2 45.8 


storage-battery locomotives is more 
economical than by trolley locomotives. 
In this instance, as well as in others 
where similar results obtain, the tram- 
ming distance is generally short. 

The obvious conclusion, based on the 
data presented, is that each of these 
methods has its own particular field, 
and that when used in that field lower 
costs of transportation result. The 
storage-battery locomotive is most ad- 
vantageously used in the short haul : 
and, in general, the worse the under- 
ground conditions the greater are its 
advantages over the trolley system. In 
haulage drifts in moving ground, only 


Miscellaneous Costs ■ — The costs in 
Table II were furnished me by the 
Wcstinghouse Electric & Manufactur- 
ing Company. Part of the data have 
been summarized in 'fable 111. 
Summary — In the costs presented for 
hand tramming and for trolley and stor- 
age-battery transportation, an incon- 
sistency may seem apparent to the un- 
initiated in a cost of 7c. per ton tor 
loading hand-tram cars, whereas the 
total cost of transportation, including 
loading, for the other methods is less 
than this amount. However, as previ- 
ously mentioned, the loading cost per 
car does not increase in a proportional 
ratio to the size of the car. The spot- 
ting of a car under the chute mouth, the 
opening of the door, the barring neces : 
sary to start the flow of ore, and, finally, 
the closing of the door are the same, re- 
gardless of the size of the car. When 
the How of ore lias started, only a few' 
seconds longer is needed to fill a 10-ton 
car than a 1-ton car. Likewise, to load 
a 10-car train of 1-ton cars does not 
take ten times as long as to load 10 in- 
dividual cars each of 1-ton capacity. 
In the former case, each operation can 
be more efficiently done. When the flow 
of the ore is started by the loading of 
the first car, subsequent cars of the 
train can be more easily loaded be- 
cause the ore in the chute has been 
thoroughly broken up. In general, the 
continued drawing of ore prevents pack- 
ing and consolidation, which is the 
tendency in chutes that are infrequently 
drawn. 

Another factor that lowers the load- 


Table III — Cost Data of Storage-Battery Locomotive 
Transportation 



Size of 
Cars, 

Tons 

per 

Tons 

per 

Shift 

Length 

Co8t 
per Ton, 




I 0118 

Train 

Haul, Ft. 

Cents 

Date 

Remarks 

Hanover Bessemer 

5.5 

40 



9. 1(a) 

1926 


Hanover Bessemer 

5.5 

40 



16.7(a) 

1929 


Cleveland-CIiff 

2.8 


i 40 

1,500 

8.6 

1926 


Alaska Gastineau. . 

4.0 

40 

489 

600 

6.7 

1918 


United \ erde 

1.0 


215 

200 

9.6 

1919 


United Verde 

1.0 


135 

350 

15.3 

1919 


Butte 1 1 Superior 

0.8 



800 

13.0 

1919 


Anaconda 

0.9 


1 10 

1,500 

10.0 

1921 


Cortez 

3.0 

18 

142 

3.200 

7.7 

1929 

Labor only 

Central Lureka 

1.0 

6 

150 

1,800 

5.8 

1930 


Portland 

0.8 


100 

2,500 

10.0 

1920 


Colorada 

1.0 

6 

65 

400 

7.0 

1929 

Labor only 

Pilaree 

1.0. 



1,500 

63.0(a) 

1929 

Inch deprec. 

Matahambre 

(a) Per short-tnn-mile. 

1.0 

7 

i 25 

1,200 

3.4 

1928 

I>abor only 

t * 

the opinions of various 

operators 

from 

with 

the greatest difficulty 

can trol- 


diiferent parts of the United States rela- ley wire be maintained in proper align- 
tive to installation and operating costs ment. Heavy ground makes extremely 
of both systems at the same mine is of desirable a reduction in size of drifts, 
interest. In referring to conditions at because the smaller the drift the less 
Butte, Mont., C. W. Woodward has will be the difficulty of keeping it open, 
said (A.I.M.E. Vol. 68) that the cost For this reason, in mines with much 
of trolley wire and track-bonding in- heavy ground in the stoping areas, small 
stallation on the long hauls is almost cars are used, with the idea that the 
equal to a set of storage batteries for a added cost of transportation is more 
locomotive. Hence there is little dif- than offset by the lesser cost of upkeep 
ference in cost between a trolley and and repairs of the haulageways. The 
storage-battery locomotive installation, safety rules of mines and the mining 
Cost of maintenance of the two types laws of some states prohibit the use of 
of installation has been in favor of the trolley wires in low drifts, and require 
latter, because of the labor necessary to that they be provided with adequate 
keep the trolley wire in alignment with guards at loading chutes. The added 
the rails, because of movement of .difficulty of repair work, to both drifts 
ground in several mines and the and chutes in which trolley wires have 
constant repairing of guard strips over been strung, is still another reason for 
the trolley wire. the use of the storage-battery locomo- 

George C. Newton ( Engineering and tive. A trolley locomotive can, of 
Mining Journal, Dec. 8, 1930) makes a course, be equipped with an extension 
careful analytical annual cost compari- reel, so that short runs can be made 
son of t he two systems: Trolley System into areas where ground conditions are 


i 
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bad, but such a method applies only to 
special circumstances. 

In mines where numerous levels pro- 
duce comparatively small tonnages a 
small storage-battery locomotive can be 
transferred from level to level. Under 
such conditions it becomes a very ef- 
ficient means of transportation. If the 
tonnage on any given level comes from 
many scattered ore chutes, it provides 
the most economical means of gather- 
ing and delivering ore to the shaft 
pockets or to loading pockets, from 
which it may be transported by trolley 
locomotives a mile or more to the mill. 

Referring now to trolley-locomotive 
transportation costs, one finds that 
where large tonnages are handled for 
distances of a mile or more the ore can 
be transported for 5c. per ton-mile; 
such a cost is the rule rather than the 
exception. Reference to Table III will 
show that transportation costs with 
storage-battery locomotives are several 
times this amount. From all data sub- 
mitted, the trolley system of transporta- 
tion is obviously still supreme in the 
field of the long haul where large ton- 
nages are transported. 

Compressed-Air Locomotive Haulage — ■ 
Use of the compressed-air locomotive 
as the motive power for metal-mine 
haulage is not widespread. It is now 
used at the Inspiration and Ray mines, 
Ariz., and at the Homestake, S. D. Its 
use has been confined to the' larger 
mines, and apparently its adoption has 
not been found as satisfactory as at first 
anticipated. In discussing this subject, 
A. C. Stoddard, of Inspiration (Bureau 
of Mines I.C. 6169), says; 

“Although the efficiency and economy 
of electric haulage were recognized, the 
question of its safety was considered de- 
batable, especially under the intensive 
loading of cars and movement of trains 
that the company anticipated. For con- 
siderable distances haulage was to be 
through drifts in which loading chutes 
were spaced at 25-ft. intervals on both 
sides of the drift. The guarding of the 
trolley wire at the chutes and the pro- 
tection of men while loading cars were 
considered such a serious problem that 
it was decided to adopt a haulage sys- 
tem in which the hazard of the trolley 
wires was eliminated. 

"In discussing this type of haulage it 
can be said, of course, that whatever 
danger existed from the trolley wires 
was eliminated, but dangers and diffi- 
culties not at first thought of were in- 
troduced. A reciprocating machine is 
not so easily controlled as a rotating 
machine; therefore, air locomotives re- 
quire more careful handling than elec- 
tric motors. Often when given a full 
head of air there is a decided jump 
upon starting, which is dangerous. The 
couplings at the charging stations break 
at times and allow the swiveled connec- 
tions to fly about with terrific force. 
Finally, the speed of trains cannot be 
controlled so easily as with an electric 
motor. 


Table IV — Air-Locomotive Haulage Costs in Cents Per Ton-Mile 

at Miami, Ariz. 

1918 1919 1920 1923 1 92-4 1925 1926 1927 Average 


Locomotive supplies 0.053 0.106 0.127 0.132 0.131 0.197 0.188 0.251 0.H8 

Locomotive repairs 0.386 1.684 0,706 0.592 0.631 1.780 0.977 0.931 0.961 

Air lino maintenance 0,295 0.211 0,177 0.201 0.062 0.128 0.107 0.141 0.165 

Compressor maintenance. . . 0.260 0.402 0.256 0.633 0.393 0.261 0.111 0.193 0.313 

Power 1.063 1.891 1.481 1.902 1.569 2.127 1.567 1.573 1.647 

Total 2.057 4.294 2.747 3.460 2.786 4.493 2.950 3.089 3.234 

Tons hauled (000 omitted).. 5.117 4,186 5,091 5,128 5.154 5,051 4,227 2,463 4,552 

Average distance, miles ... . 0.553 0.414 0.458 0.435 0.376 0.454 0.649 0.655 0.486 


“An air locomotive has one advan- 
tage that might be overlooked — -it can 
still pull cars through drifts in heavy 
ground where clearance has been con- 
siderably reduced; while with trolley 
locomotives, allowance must be made 
for the trolley wire. Of course, it may 
be said that a storage-battery locomo- 
tive has the good points and none of the 
failings of an air motor. This can now 
be granted, but the storage-battery lo- 
comotive was in its infancy when In- 
spiration adopted the air motor. 1 ' 

The few costs available for com- 
pressed-air locomotive transportation 
are given in the following: 

Ray, Ariz., I.C. 6167 — The standard 
ore car used in this mine has a capacity 
of 103 cu.ft. Average load is 4.6 dry 
tons. Haulage is by means of 8-ton 
compressed-air locomotives with a 
drawbar pull of 3,000 lb. The locomo- 
tives are charged at conveniently located 
stations to a pressure of 900 lb. per 
square inch, the operation requiring 
about one-half minute. The track is of 
35-lb. rails in the laterals and 45-lb. 
rails in the main haulage, laid to 30-in. 
gage. Trains consist of 20 to 25 cars. 
They are brought from the stopes to the 
main haulage by the service locomo- 
tives, and from there hauled to the tipple 
by the main-line motor. Length of this 
haul averages about 3,000 ft. The 
train crew on the main line consists of 
a motorman and one brakeman. In the 
sublevel blocks the crew consists of a 
motorman, a brakeman, and a chute 
blaster. The chute blaster loads the 
cars. At the tipple the train is turned 
over to a tipple motorman and his 
brakeman, and an empty train picked 
up and taken back to the drawing 
section. Motor chutes are of timber 


construction with chute boards held in 
cleats. Cars are dumped by the three- 
car electrically driven tipples. Time of 
dumping a train of twenty cars is about 
twenty minutes. Cost per ton of load- 
ing, hauling and dumping in 1928 (in- 
cluding operation of tipples) was: 
Labor, $0,059; timber, $0,001; power, 
$0,007; machine shop, $0,014; miscel- 
laneous, $0,010; total, $0,091 per ton. 

I aspiration Copper, Miami, Ariz., 
M.C.J., Feb., 1928 — Twenty 5-ton box- 
type cars hauled by H. Iv. Porter 10- 
ton compressed-air locomotives. Gage 
of the track is 30 in.; air pressure is 

I, 000 lb., and the speed of trains is 8 
miles per hour. With one charging, a 
one-way 3,000-ft. trip can be made. A 
five-car tipple unloads cars at the shaft. 
The costs given in 'fable IV do not in- 
clude operating labor. The train crew 
consists of a motorman and two helpers. 
Homestake Mining, Lead, S. D., 
A.I.M.E., Vol. 72, " E.&M.J.r July 17, 
1926 — Underground transportation is 
done by 3.5- and 5-ton compressed-air 
locomotives. For surface transporta- 
tion, 7.5- and 14-ton locomotives are 
used. The 14-ton locomotive hauls a 
train of 32 4-ton cars, or a total of 128 
tons per trip. Maximum underground 
haul is 45 1-ton cars. Mine track gage 
is 18 in.', and 40-lb. rails are used on the 
main haulageways. 

Compressed-air locomotive trans- 
portation is becoming obsolete. Ac- 
cording to the U. S. Bureau of Mines, 

II, 986 trolley, 2,294 storage-battery, 
and 85 compressed-air locomotives were 
in use in 1924 in the soft-coal mines of 
the United States. Between 1918 and 
1922 tlie use of storage-battery Iocomo.- 
tives increased by 300 per cent, and that 
of trolley locomotives by 23 per cent; 



Compressed-air haulage at the Homestake 


whereas during the same period a sharp lowing cost: Labor (operator), 0.7Gc. gasoline per day, $3; oil and other "| 37 

decrease occurred in the use of the com- per ton; labor (on track), 0.04c.; re- expenses, $1 ; total, $10 per day. Aver- 
pressed-air locomotive. The storage- pairs to locomotives and cars, 0.05c. ; age distance of haul, 2 miles; tons 
battery locomotive of the present day gasoline, 0.27c.; oil and grease, 0.03c.; hauled per day, 142; ton-miles per day, 
offers all of the advantages possessed total direct costs, 1.15c.; flagman on 284; cost per ton-mile (without de- 
by the compressed-air locomotive, with highway crossing, 0.45c.; depreciation predation), 3.5c. 
added safety of operation and all at a on cars, 0.27c.; depreciation on locomo- Trojan , Lead, S. D., "E.&M.J.," Oct. 
cost considerably less. tive, 0.24c. ; total indirect costs, 0,96c. ; 28, 1922 — Gasoline’ locomotives were 

Gasoline Locomotive Transportation — total costs, 2.11c. per ton. On this usec l j n transporting ore on surface a 
This discussion of mechanical under- basis the direct cost is 2.3c, per ton- distance of 2,000 ft. Eighteen 1.5-ton 
ground transportation would not be mile, and the total charges are 4.3c. per cars made up a train. Production was 
complete without mention of the gaso- ton-mile. at the rate of 400 tons per day. Cost 

line locomotive. In 1924, 226 gasoline Nevada Massachusetts Mines, Mill of transportation was 6c. per ton, or at 
locomotives were employed in- the soft- City, Nev., I.C. 6284 — Ore is hauled the rate of 15.8c. per ton-mile. The 
coal mines of the United States. This from the mine bins to the mill by an costs mentioned are not entirely typi- 
method of transportation has never been 8-ton gasoline locomotive. One man cal of transportation by gasoline loco- 
popular in metal mines, as its use is loads and dumps cars, operates the lo- motive. A cost of less than 5c. per ton- 

possible only where ventilating condi- comotive, and looks after the equip- mile is not uncommon in coal mines, 

tions are ideal. This limits its applica- ment. Cars, with a capacity of 67.5 However, the storage-battery locomo- 
tion to tunnels and to shallow mines cu.ft., or about 5 tons each, are of the tive is replacing it even in these mines, 
which have many surface openings. cable-bottom, side-dump type, equipped The gasoline locomotive has only one 

H. I. Young states (A.I.M.E., Vol. with roller bearings and chilled wheels advantage over the storage-battery lo- 
57) that in the Joplin district the 6-ton 14 in. diameter. A train consists of comotive — its lower initial cost. Its 
gasoline locomotive is the most popular five cars. Track is of 30-lb. rails laid disadvantages are the fire hazard and 
and gives no trouble with regard to on an average grade of 4 per cent in the poisonous nature of the fumes from 
ventilation. He further states that in favor of the loaded trains. The steep the exhaust. These conditions practi- 

four months of 1917, 136,272 tons was grade on the surface track is due to the cal I y prohibit its use in most Western 

hauled an average distance of 1,750 ft. nature of the topography and the loca- metal mines. Except under special con- 
by gasoline locomotives. Average ton tion of the mill. Ties are 4x6 in., 4 ft. di tions its use should be confined to 
costs were: Engineer, 1.4c.; brakeman, long, spaced on 2-ft. centers. surface transportation, or to a combina- 

1.2c.; oil for locomotive, 0.2c.; gaso- Cost of transporting ore from the tion of surface and underground tunnel 
line, 1.1c.; repairs, 1.5c.® car couplers, mines to the mill is as follows: Labor transportation under conditions where 
1.6c.; total, 7.0c. per ton. (one man at $6 per day, $6 per day; ample natural air currents exist. 

Cleveland, Hazel Green, Wis., "E.& 

July 11, 1914— In 1913 at this ■ ■ ■ ■ 

Wisconsin lead-zinc mine 4-ton Whit- 


comb gasoline locomotives were' used. 
Gage of the track was 18 in., and the 
hauls were generally short. During 
1913. 123,150 tons was hauled. Dis- 
tance traveled was 6,970 miles,' half of 
which was with load and half empty. 
Operating costs in cents per ton com- 
prise labor, 1.5c.; maintenance and sup- 
plies, 0.5c. : total operating, 2.0c. per 
ton. 

85-Mine, Lordsburg, N. M., "M.&S.P.,’’ 
■■Ipril 5, 1919 — Ore is hauled from the 
shaft ore pockets to the ore bins, a dis- 
tance of 1,320 ft, About 500 ft. of this 
distance is underground. Three-ton 
Plymouth gasoline locomotives hauled 
six 2.5-ton, V-bottom, side-dump cars. 
During twelve months of 1917-1918 
118,859 tons was hauled at the follow- 
ing cost per ton: labor, 2.9c.; gas and 
oil. 0.8c.; maintenance, 0.4c.; total, 
4.1c. per ton. This is at the rate of 
16.4c. per ton-mile of useful haul. Ac- 
cording to Information Circular 6413, 
this method of transportation is still 
satisfactorily employed. 

Hartley, Tri-State District, I.C. 6656— 
Ore is transported on the surface from 
the shaft ore bins to the crushing plant 
by a 7-ton gasoline locomotive. The 
track is 36-in. gage, and 35-lb, rails are 
used. Six 8-ton Granby-type cars 
make up a train, which is loaded 
by the motorman, without leaving his 
cab. The train is dumped automatically 
as the train advances over an ore pit 
at the mill. During a period of six 
months 121,762 tons was hauled an 
average distance of 2,600 ft. at the fol- 
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Compressed air and vapor supply power for the "Perrymobile" that travels 60 miles on a gallon of butane 
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P OSTWAR motorists may climb into 
their automobiles, step on the air in- 
stead of the gas, and glide away swiftly and 
silently at 60 miles to the gallon with never 
a gear to shift or clutch to shove. 

That’s the prospect presented by Frank 
R. Perry, Los Angeles inventor, who has 
built a revolutionary car called a ‘ Perry- 
mobile.” 

Untried commercially, it’s a novel com- 
bination of steamer and compressed air 
powered automobile. The motive power 
comes from a secret liquid, which vapor- 
izes at a much lower temperature than 
water, and compressed air which serves as 
an ever-ready starting and reserve source 
of power. 

Perry says he has driven several thou- 
sand miles with his machine which is 
mounted on an old Ford chassis. The Per- 
rymobile weighs only 700 pounds — about 
1.300 pounds less than standard automo- 
biles powered by the conventional internal 
combustion engines. The engine installa- 
tion alone weighs only 140 pounds. 

The 30-horsepower four-cylinder engine 
is turned over by pressures instead of by 
the explosions that move the pistons of an 

•ordinary auto engine. The Perrymobile 
engine is essentially the same as a steam 
engine. Inside each cylinder is a piston 
which moves up and down and is connect- 
ed to the crankshaft. 

The secret non-inflammable liquid, 
which boils at about 150 degrees Fahren- 
heit, is heated by a burner which uses any- 
thing from butane gas to crude oil The car 
will travel 60 miles at 30 miles an hour on 
one gallon of butane, the inventor claims 
"He says this fuel costs about 8V2 cents a 
gallon. (He sets the top speed at “better 
than 70.”) Only one quart of the secret 
liquid is required in the boiler because it is 
exhausted as vapor into the radiator, con- 
densed and returned to the boiler. 

The vapor passes through an intake valve 
into the top of the cylinder, and with a 
pressure of about 150 pounds per square 

inch pushes the piston down just as steam 
would do. At the bottom of the stroke the 
vapor exhausts through a port cut through 
the cylinder wall. As the piston starts up 
again a valve at the top of the cylinder lifts 
so the piston travels upward against no air 
pressure. At the top of the stroke more 
vapor is admitted which starts the piston 
down again. 

Each of the four pistons supplies power 
to the rear wheels every 
time ft is pushed down. 
This affords “two cycle” 
operation instead of the 
conventional “four- 
cycle” shift in which each 
piston gets a shove only 
every second time it trav- 
els downward. Thus, 
Perry’s four cylinders put 
out as many power im- 
pulses as an eight-cylin- 
der auto engine. 


The compressed air part 
of the power for the Per- 
rymobile comes from a 
tank under the seat. That 
tank is kept full of com- 
pressed air supplied by a 
small air pump connected 

by a belt with the engine. The compressed 
air, which flows through the boiler into the 
cylinders, is used for a quick start and until 
sufficient vapor pressure has been built up 
to run the engine. 

To operate this revolutionary automo- 
bile, you first open the fuel valve under the 
hood and the burners catch fire from a 
pilot light. Then you get in the car and 
pull down the throttle lever on the right 
side of the steering column. Compressed 
air from the tank flows into the cylinders 
and the car starts to move. 

After you have driven a few blocks the 
flame in the boiler has built up sufficient 
vapor pressure so you can turn off the air. 
The pump quickly restores the pressure in 
the air tank. Heat in the boiler is regulated 
by an automatic valve. 

Suppose you are driving out into the 
country and come to a long sloping down- 
grade. You close the throttle, just as you 
would in an ordinary car, and the flame 
goes low in the boiler, for no pressure is 
being used. Even while the engine is idling, 
air is pumped into the tank to maintain a 
constant pressure. To back up, a control 
on the left of the steering column changes 
position of the cams for reversing. 

The inventor compares his single control 
for regulating speed and power to the con- 
trol lever of an electric motor. The smooth 
operation of the Perrymobile is due to the 
fact that the power output is the same at 
all speeds — from 1 r.p.m. to 2,000. On a 
gasoline engine the horsepower is in direct 
ratio to the r.p.m. ’s. 

Even at full power with the throttle valve 
wide open, Perry says his engine runs so 
cool that the paint has never blistered on 
the cylinders. This makes the car adapt- 
able to extremes of climate for the liquids 
in it do not freeze unless the mercury drops 
to 30 below zero. The engine turns over 
slowly. At 40 miles an hour it revolves 
only 800 times a minute compared with 
2,000 or more for most present-day cars. 

Other advantages of the Perrymobile, 
according to the inventor, are the “parts it 
does without.” These, include clutch, car- 
buretor, spark plugs, distributor, coils, bat- 
tery, fan, gear box and self starter. The 
car, of course, is equipped with brakes. 
Perry estimates that it will require less 
than one quart of lubricating oil a year. 
The Perrymobile makes no noise, smoke 
or smell. So smooth is its operation, he 
reports, that in a blindfold test it is impos- 
sible to tell when the car starts moving. 

It cost Perry about $400 to build his 
lightweight automobile, but he says it 
should sell for much less if it gets into mass 
Production — about $250. He believes the 
ab-vapor engine can be used on helicop- 
ters and boats as well as automobiles. 
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LOWER COST OF OPERATION ON U NR A TIONED FUEL 


Builr on an old Ford chassis, the air-vapor car carries enough butane in its fuel tank to run 600 miles 

THE PERRYMOBiLE 


BUILD THE POWER PLANT YOURSELF or have 
From Easily Understood Blueprints and Spec! 

and air prctvjn N i un!> M lt>». firs iium q { boar. 

your r\ par;». of Mnim no»' Ji 

FOU POWER AT ANT SPEED MOTOR CANNOT O' 



® ° nl y floorboard pedal is the brake; a control 
°n steering column regulates both speed and power 


Oblong steel box houses boil- 
er; four cylinders form a V 
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FIFTY-THREE YEARS AGO 
1— Recharging storage tanks of Paris 
street-railway motor car with com- 
pressed air at around 2000 psi. 2- Com- 
pressed-air motor car hauling train of 
street cars in Paris. 3- Compressed-air 
locomotive (right) designed tor drawing 
5-cer trains on the Manhattan Elevated 
Railroad in New York City. 4- Train in 
yards of Pennsylvania Railroad with 
switch in right foreground operated by 
compressed air, 5-- Air-powered street 
car on 125th Street, New York City. 
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T HE accompanying pictures, re- 
produced from the December 5, 
1896, issue of Harper’s Weekly, 
show some then-current uses of com- 
pressed air of which only one has sur- 
vived the changing trends of more than 
half a century. The illustrations, all free- 
hand drawings by W. Louis Sonntag, Jr., 
covered a nage in the publication, which 
was at tin' time perhaps the nation’s 
widest-rec ! weekly. Another full page 
was devoh i to descriptions of the mani- 
fold appl ations of compressed air, 
which war hailed as “a very wonderful 


new power which has been rapidly com- 
ing into use in the last ten or fifteen 
years.” Some of the information was 
credited to our own journal, then a 
fledgling literary project promoted by 
William Lawrence Saunders, who wrote 
in his first editorial that “the era of com- 
pressed air is now upon us . . . and the 
science has suffered from want of pub- 
licity.” 

Although the possibilities of air power 
had been dramatized by its employment 
in the Hoosac Tunnel in 1866 for oper- 
ating rock drills and, subsequently, by 







numerous diversified applications, the 
1896 American public was little informed 
as to the practical benefits inherent in 
pneumatics. Europeans were much 
more aware of the potentialities of this 
“new” science, for in Paris compressed 
air was being piped around to shops and 
even residences, and in England 150 
miles of pneumatic mail tubes were al- 
ready in use. 

In the United States, too, compressed 
air was serving mankind well in many 
ways, but it had seemingly been “hiding 
its light under a bushel." Harper’s re- 
marked that “it has been, apparently, 
the Cinderella of the mechanical arts,” 
and attributed this to the fact that “it 
made its appearance in an age given over 
to a sort of electrical mania, and there 
seemed no godmother genius like Tesla 
or Edison to bring the golden slipper to 
its neglected hearth.” 

At the moment, however, compressed 
air was emerging from obscurity into the 
sunlight of highly optimistic predictions 
as to its future. For three months prior 
to Harper’s publicity splurge it had been 
operating two surface cars on 125th 
Street in New York with a smoothness 
and quietness that made them stand out 
in sharp contrast to the regular cable- 
propelled cars. The former had run 
12,000 miles and carried 75,000 passen- 
gers “without accident and without in- 
cident,” which caused Harper's writer to 
venture that “it is an allowable surmise 
that this is the traction force of the 
future in large cities, if not in small.” 

The favorable results achieved with 
air-powered surface cars led the same 
company to design and build a com- 
pressed-air locomotive to draw a train 
of five cars on the Manhattan Elevated 


Railroad between Rector and Fifty- 
eighth streets. The idea of pneumatic 
traction did not originate in the United 
States; it was adopted from France 
where the Mekarski system was the 
first to be successfully applied to surface 
lines. The development that made it 
operative was Mannesmann’s discovery 
of a way to shape mild steel into seamless 
flasks capable of storing motive air under 
high pressure. From those cylinders, 
carried under the cars and recharged at 
intervals, the air was fed at reduced 
pressure to modified steam engines that 
transmitted their power to the driving 
wheels through gears. Various American 
inventors tried to improve upon the 
French technique, and the Hardie sys- 
tem was the one most used in this 
country. The air was stored at 2000 psi. 
pressure, and enough could be charged 
into a 51-cubic-foot cylinder to propel a 
car from 15 to 18 miles, including stops. 
On its way to the engines, the air was 
passed through a chest of hot water to 
increase its expansive effect and then 
through reducing valves to lower the 
pressure to 130 psi. at the point of ap- 
plication. 

Flow far Harper's Weekly went in 
visualizing busy days ahead for com- 
pressed air is indicated by the following 
excerpt from its article: “The general 
use of the new power will come only 
with the advent of large central distrib- 
uting stations, from which it can be had 
as freely as is gas or water now. While in 
a sense it is a rival of electricity, yet it is 
not impossible that it will soon become a 
yokemate rather. The alternating elec- 
trical current may be employed to 
transmit cheap power long distances, as 
frbm ' iagara and the Pennsylvania 


culm-banks, and this power converted 
into compressed air at the points of con- 
sumption — electricity being probably 
the best agent for distance transmission, 
and compressed air the most mobile form 
of power for immediate use. Even this is 
mere conjecture, however, since there is 
at least one engineering genius (George 
Westinghouse) who has distinctly in 
view the compression of air at great 
water-powers like Niugara, conveyance 
by pipe lines at enormous pressure as 
far as New York or Philadelphia, and 
delivery at prices with which electricity 
cannot compete. But whether as yoke- 
mates or rivals, it must be clear to the 
dullest imagination . . . that we are but 
on a threshold of the day when these two 
forces, harnessed and trained, will, from 
their cheapness and availability, and in 
their infinite application, lift a consider- 
able share of the burden of physical toil 
from the shoulders of the race.” 

The prophecy in the last sentence has 
been fulfilled, probably even beyond the ' 
most optimistic dreams of the 1896 
writer. Meanwhile, electricity and com- 
pressed air have gone their separate 
ways, each serving certain fields for 
which it is best adapted, but also joining 
forces in numerous directions. Both are 
still advancing by leaps and bounds, for 
there seems to be no end to their useful- 
ness. 

As for the compressed-air applications 
illustrated, pneumatic street-car propul- 
sion died aborning, although the same 
method was vigorously exploited for 
underground transportation in mines, 
where it still finds limited use. But the 
operation of switches by air power under 
electric control continues to be accepted 
practice. 
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Air Mules 



W HERE mine or tunnel track haul- 
age is less than half a mile long, 
where grades do not exceed 2 percent, 
and where air at 100 psi pressure is avail- 
able, pneumatic locomotives are often 
applied to advantage. The Mechanics 
Service Company of Cripple Creek, 
Colo., builder of the original low-pressure 
Air Tram, has recently put on the market 
a greatly improved model which marks a 
big step forward in this field of trans- 
portation. 

The first compressed-air locomotive, 
built in 1873, was inspired by the desire 
to provide a tractor for coal-mine haul- 
age that would ,be safer, more reliable 
and economical, and less complicated 
than the electric systems that were then 
replacing hand and mule tramming in 
large mines. Air motors were compara- 
tively crude and inefficient at that time. 
To develop enough power to pull a string 
of cars, the “air hogs,’’ as they were often 
termed, required exceedingly high pres- 
sures that called for large multistage 
compressors, heavy-duty air lines, and 
bulky air tanks on cumbersome machines 
that had a limited field of application. 
Hence the air-driven locomotive was 
slow in developing, but experimenters 
kept the idea very much alive. 

In 1904 the colliery of the Interna- 
tional Coal & Coke Company, Ltd, of 
Coleman, Alta., was equipped with a 
compressor and three air locomotives 
by Canadian Rand Drill Company, Ltd 
(now the Canadian Ingersoll-Rand Com- 
pany, Ltd), and thus became Canada’s 
first air-haulage mine. Air at 1000-1200 
psi pressure was needed to run those 
early tractors, and receivers were usually 
tested at 1800 psi. Some high-pressure 
units are still in service, but most in- 
stallations are of the low-pressure typ* 
Efficient air motors and mechanical im 


provements in pneumatic trammers now 
permit the use of a comparatively small 
tank with a capacity of 49 cubic feet. 
This is charged with air at 100 psi, and 
even though the pressure may drop to as 
little as 5 psi in service it isstillsufficient, 
it is claimed, to drive the newest loco- 
motive. 

The Air Tram is operated by a 5 J4-hp 
Ingersoll-Rand air motor, and power is 
transmitted from motor to axle and from 
axle to axle by 1-inch pitch roller chains 
engaging hardened-steel sprockets. Dur- 
ing recent tests in the Chicago Tunnel of 
the Globe Hill Mining Company in the 
Cripple Creek District, a tractor traveled 
3300 feet, or 55 feet per cubic foot of air 
consumed, without refilling its 36x84- 
inch receiver. During another test, run 
over the same track on a maximum 
grade of 2/2 percent, the unit pulled 



IMPROVED AIR LOCOMOTIVE 

The low-pressure Air Tram pictured 
here is making a test run with three 
mine cars but is built to haul from lour 
to eight, each with a capacity of about 
20 cubic feet, on grades from '/2 to 2 
percent, depending upon the condi- 
tion of the track, the number and radii 
of the curves, etc. It is driven through 
easily removable chains and sprockets 
by an EE3G air motor such as shown. 
The bumper is of new design for greater 
locomotive protection and more leeway 
in coupling. The operator’s seat is 
provided with a foam-rubber cushion 
for comfort. 

three mine cars a distance of 2100 feet 
on one air charge, or about 40 feet per 
cubic foot of air used. 

The air motor that helps to make this 
economical short-haul transportation 
possible is built for heavy-duty continu- 
ous service. It is of the variable-speed, 
radial type that can be instantaneously 
reversed and cannot be damaged by 
overload. Its enclosed construction is a 
desirable feature for underground work 
because it excludes dust and dirt and 
permits complete and automatic lubri- 
cation of all moving parts. Other ad- 
vantages are renewable and interchange- 
able cylinders to and from which air is 
admitted and exhausted by one rotary 
valve. To sum it up, this piston-type 
motor is especially well adapted for serv- 
ice where plenty of lugging power is 
needed. 


Equipment Shown Below . . . 



TWO-SPEED COMPRESSED AIR LOCOMOTIVE weigh- factory (left). Dear speed ratios were modified and the 

ing 3,260 lb. with 58-cu. ft. receiver arrived from Eimco unit was installed for drift haulage as shown at right. 
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Granby Adopts Air Trammers — 


Cuts Drifting Labor Costs 26 % 


Substitution of a two-speed air 
locomotive and 3-ton automatic 
dump car for hand tramming meth- 
ods at the Copper Mountain mint* 
of Granby Consolidated, British 
Columbia, resulted in labor savings 
of 26%. In one drift heading with 
a tramming distance of over 900 ft. 
the contract price for labor was 
reduced from $13.05 to $7.50 per 
ft., a reduction of 42.5%. The drift- 
ing crew in this long heading was 
reduced from five men to two men, 
while bonus earnings per man in- 
creased almost 41%. 

For the past several years, nu- 
merous articles have appeared con- 
cerning the use of small compressed 
air locomotives for underground 
tramming, particularly as an aid 
for advancing drift headings. This 
led to the building of such a ma- 
chine in the Copper Mountain shops 
in 1950, which, however, was un- 
successful. In the summer of 1951 
the writer investigated the use of 
this type of machine in the Coeur 
d’Alene district in Idaho and was 
convinced that with suitably de- 
signed equipment, major reductions 
in the cost of drifting could be 
achieved. 

The standard drifting crew con- 
sisted of two miners, one mucking 
machine operator, and one helper 
and required two 8-hr. shifts for 


D. W. PRINGLE 
Assistant Mine Superintendent, 
Granby Consolidated Mining, 
Smelting an d Power Co., Ltd., 
Copper Mountain, B. C. 

an average advance of 7.12 ft. as 
shown in Table 4. The round was 
drilled by two miners using 44-lb. 
jackhammers mounted on air legs 
and integral steel tipped with a 
tungsten carbide chisel or four- 
wing bit. An average round con- 
sisted of from twenty to twenty-six 
7%-ft. holes. Permanent track and 
pipe installations were made on the 
drilling shift by company men or 
by the contract grew which was 
allowed company time for such 
work. 

On the mucking shift, the muck- 
ing machine operator and helper 
first wet down the muck pile and 
barred down loose rock. Then, using 
a high deck mucking machine and 
a 1 %-ton end-dump car, they loaded 
from 15 to 21 cars which were 
hand trammed to a dump. When 
the tramming distance reached 900 
ft., an extra helper was required. 
The contract price was then in- 
creased to yield the same bonus as 
the f r-men crew would have 
earm or the same footage ad- 


vance. As shown in Table 4 this 
necessitated an increase from 
$10.64 to $13.05 for labor only. 

Drifting bonus is computed by 
multiplying the price per foot times 
the footage advanced in each two- 
week period. From this figure the 
total wages are subtracted and the 
balance is divided evenly among the 
crew in proportion to the man- 
shifts worked. Miners’ wages per 
8-hr. shift are $12.66; mucking 
machine operators, $12.24; and 
helpers, $11.44. The basic price for 
drifts up to 8x8 ft. in size using 
the equipment outlined above is 
$10.14 per ft. with $0.50 per ft., 
increase for every 500 ft. of tram. 
Table 3 shows the earnings possible 
at this price for different footage 
advances. Under the heading “Old 
Contract Price” in Table 4, the 
average bonus for 628 ft. of ad- 
vance was $6.25 per man-shift for 
an average advance per round of 
7.12 ft. 

Today's Drifting Methods 

The writer had observed the one- 
speed air locomotive and auto-dump 
cars in operation in the Coeur 
d’Alene mining district. From these 
time studies it was concluded that 
a two-man crew could complete a 
cycle (i.e. muck out a round, drill 


Resulted in Economies Revealed in These Tables 
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TABLE T— Estimated 


TABLE 2 — Summary of Advances and Bonus Earned 


Drifting Cycle 


During Trial Period 



Hr. 

Min. 


Man 









Rounds 

Average 

Total 

Average 

Total 

Distance, ft. 

t. Traveling to face, barring 

& wetting muck pile 

2. Loading, tramming, dumping 
9 cars @ 12 min. each 



Date 

Shifts 

0 

30 

May 1-15 

May 16-31 

June 1-13 

46 
. 50 
. 34 

24 

25 
17 

4.75 

5.08 

5.00 

114 

127 

85 

$8.40 

8.93 

8.59 

$386.64 

446.82 

292.06 

710- 824 

824- 951 

951-1 ,036 

(1,000 ft. of tram) 

3. Lunch 

1 

0 

48 

30 

Total and Averages. 

. 130 

66 

4.94 

326 

$8.65 

$1,125.52 

873 


4. Drilling twelve 5-ft. holes 


@ 6 in. per min. (per machine) 2 00 


5. Removing drill gear and 

blowing holes 0 20 

6. Loading and blasting round 0 20 

7. Traveling time to surface 0 30 

Total time required to 

complete cycle 5 58 

Balance of fi-hr. shift for 

track work, pipe work, etc. 2 02 


TABLE 3 — Possible Bonus Earnings per Man Shift 
at Various Prices 


Old price and 

Length of ►New prices and a 2-man crew * a 4-man crew 

Advance, ft. $8. 50/ft. $7. 50/ft. $7. 00/ft, $10.14/ft. 


5 $ 8.59 $ 6,09 $ 4. 84 $0.42 

6 12.84 9.84 8.34 2.96 

7 17.09 13.59 1 1.84 5.49 

7^ 19.21 15.46 13.59 6.76 


off, and blast) with 8-ft. steel on 
a short tram, and with G-ft. steel 
on a long tram. As a result, an air 
locomotive was purchased and a 
special dump car built in our shops. 

The Air Locomotive 

The air locomotive is a 3,2G0-lb. 
unit, equipped with a 58-cu. ft. re- 
ceiver and air motor as shown. 
The 7y 2 -hp. air motor is coupled 
by an oil-bath friction clutch to a 
two-speed gear box. The gear box 
has a reduction ratio of 1.5:1 in 
high and 3.5:1 in low, and from the 
drive sprocket to the axle the re- 
duction ratio is 2.5:1. Both axles 
are joined by a drive chain produc- 
ing a four-wheel drive which gives 
ample traction for pulling heavy 
loads. Low gear is used for starting 
with a heavy load or when the air 
pressure in the tank is low. High 
gear is used after the locomotive 
is moving, for good track condi- 
tions, and with good air pressure. 
Neutral is used for coasting on good 
track. Since low gear was seldom 
used at Copper Mountain because 
of the straight track, the rear end 
ratio was changed to 2:1 which had 
the effect of increasing both the 
range of travel and the speed in 
both gears. 

This change was made to the loco- 
motive when it was operating on 
a 1,400-ft. tram. Some crews were 
charging the receiver going out. 
After this change was effected, the 
trip out was made with one tank 
of air. This drift broke through 
1,904 ft. from the dump. When the 
air pressure was above 85 lb. the 
tank was charged four times for 
the round trip; at the face on the 
out trip, at the dump, at 600 ft. and 
at 1,200 ft. on the return trip. 
Average speed over the round trip 
distance was 5.5 mph. 


. TABLE 4 — Comparison of Old and New Contract Prices 




4-270 DRIFT— OLD CONTRACT 

PRICE 



Period 

Price 

Adv. Miner 
(ft.) Shifts 

Adv. 

per Mucker Total 

round shifts shifts 

Bonus 

per 

man 

shift 

Ftg. 

per. 

man 

shift 

Tram 

distance, 

ft. 


Jan. 1-15. . 

.$10, 14 

39 

10 

7.80 

10 

20 

$7.52 

1.95 

356- 

395 

Jan. 1 6-3 1 . 

..10.14 

53 

15.5 

6.84 

16 

31.5 

4.84 

1.68 

395- 

448 

Feb. 1-15. . 

. . 10.64 

16 

19.5 

6.97 

20 

39.5 

5.47 

1.72 

448- 

516 


10. 14 

52 









Feb. 16-29. 

.. 10.64 

50 

14 

7.14 

14 

28 

6.75 

1.78 

516- 

566 •• 

Mar. 1-15. 

. .10.64 

64 

20 

6.40 

19.5 

39.5 

4.98 

1.62 

586- 

650 

Mar. 16-31 

. .10.64 

73 

20 

7.30 

20 

40 

7.14 

1.82 

650- 

723 

Apr. 1-15.. 

.. 10.64 

41 

10.75 

7.63 

1 1 .5 

22.25 

7.16 

1.84 

723-i 

764 

Apr. 16-30. 

.. 10.64 

58 

16 

7.25 

16 

32 

7.01 

1.81 

764- 

822 

May 16-31. 

. . 10.64 

16 

8 

7.00 

10 

18 

5.99 

1.55 

822- 

850 


•13.05 

12 









June 1-13.. 

. M3. 05 

50 

13.5 

7.41 

21M 

35 

6.55 

1.43 

850- 

900 

Totals fls 











averages, 


, .524 

147.25 

7.12 

158.5 

305.75 

$6.25 

1.71 

628 




NEW CONTRACT 

PRICE 





Sept. 16-26 

. . 7.50 

55 

32 

5.25 

31 

63 

$8.24 

2.67 

945- 

1,113 


8.00 

113 









Oct. 1-15. . 

. . 8.00 

99 

16.5 

6.00 

17.5 

34 

10.63 

2.91 

1 ,113- 

1 ,212 

Oct. 16-31. 

. . 8.00 

152 

37.5 

4.05 

28 

65.5 

5.90 

2.32 

1 ,212- 

1 ,364 

Oct. 30- 











Nov. 13. 

. . 8.00 

157 

28.5 

5.51 

28.5 

57 

9.46 

2.75 

1 ,364- 

1 ,521 

Nov. 14-29 

* **8.43 

164 

29 

5.66 

29 

58 

11.53 

2.86 

1,521- 

1 ,685 

Nov. 30- 











Dec. 13. . 

. . 8.43 

177 

34.5 

5.13 

34 

68.5 

8.61 

2.58 

1,685- 

1 ,862 

Dec. 14-28. 

.. 8.43 

42 

8 

5.25 

9 

17 

7.65 

2.47 

1,862- 

1 ,904 

Totals & 











averages. 


.959 

186.0 

5.16 

177.0 

363 0 

$8.80 

2.64 

1 ,42* 

Notes: 

•Price adjusted 

for extra helper 

on mucking cycle. 

••20 ft. 

advance 

done during test 


work. •• *Wage increase. 


Charging the air locomotive is 
accomplished by using an auto- 
matic shut-off quick-change valve. 
Charging stations are spaced about 
GOO ft. apart. Usual charging time 
is about 40 to 60 sec., depending on 
the tank pressure. 

The auto dump car is a 50-cu, ft., 
3-ton, side-dump car as shown. Two 
8-in. air cylinders, one on each end 
of the car and controlled from the 
locomotive by the motorman, dump 
the car. A minimum of air pressure 
of 60 psi is required to actuate the 
dumping mechanism. 

WitL the use of this equipment, 
it w estimated that two men 


TABLE 5— Actual Drift 
Cycle 

Hr. Min. 

1. Traveling, headframe to heading. 0 23 

2. Muck out round— 9 cars @ 

11 min. each 1 38 

3. Settingup 0 07 

4. Drilling 11 holes per machine 

@ 7H min. each 1 24 

5. Lunch • • • 0 

6. Tear down, blow holes, load, spit 0 43 

7. Miscellaneous 0 18 


8. Heading to 5L station. ..... 0 23 

Total time required to 

complete cycle S 31 

Balance of 8-hr. shift for pipe 
work, track work, surveyors, 
etc 2 29 




Al'TO-I) LI M I’ CAR contains two 8-in. air cylinders mounted on either end 
of car. Compressed air from the locomotive receive* dumps the mine cars. 


would be able to complete the 
cycle shown in Table 1. 

In the ease of a short tram it 
would be possible to drill 8-ft. steel 
and average 7.5 ft. advance per 
round. At the standard price of 
$10.14 per ft. a $25.00 bonus per 
man would be possible. 

Union Negotiations 

In accordance with our union 
agreement, contract prices cannot 
he changed until agreement has 
been reached with the Union (’oil- 
tract Committee. Therefore, on 
April 7, 1952, a letter was written 
to the union requesting re-negotia- 
tion of the contract price for an 
3x8-ft. drift using this modern 
equipment. 

Our first meeting was held on 
April 19, 1952. The union commit- 
tee at first refused to consider any 
reduction in contract price which 
they contended involved speed-up 
and possibly paying for company 
equipment by reducing contract 
drift prices. They also intimated 
that they did not think the air 
locomotive would speed up the 
tramming sufficiently to permit 
cycling. The basis on which the 
company officials requested this re- 
duction was the maxim — "equal 
bonus for equal effort.” After a 
lengthy discussion a trial price of 


$8.50 per ft. was set for the first 
.‘too ft. of advance. 

By June 13 the trial distance had 
been driven. As shown in Table 2 
the bonus earned was $8.05 per 
man-shift for an average round of 
4.94 ft. where the average tram- 
ming distance was 875 ft. See 
Table 8. 

During the trial period all crews 
admitted that with the aid of this 
modern equipment their physical 
effort was definitely less. On the 
basis of the above performance and 
additional time studies, the com- 
pany officials then considered a 
fair and reasonable price would he 
$7.00 per ft. as shown in 'fable 8. 

At this price for a 7-ft. advance, 
the bonus would he increased from 
$5.49 per shift to $11.84 per shift. 
On the other hand the company 
would have a direct saving of $8.14 
per ft. on the basic price. 

A Compromise Reached 

The July 4, 1952, meeting pro- 
duced a compromise price of $7.50 
per ft. with a $0.50 per ft. increase 
from a 1,000 to 1,500-ft. tram and 
a $0.25 per ft. increase for each 
additional 500 ft. of tram. This 
price is still a little high but the 
principle has been established of 
reducing contract prices when new 
equipr it. or techniques can be 


applied. Table 4 shows the drift 
performance in 4-270 drift under 
the old contract and under the new 
contract. 

Table 4 shows that tramming 
distance increased from 356 to 
1,904 ft. The average bonus earn- 
ings increased from $6.25 per shift 
to $8.80 per shift. It also shows 
that the advance per man shift in- 
creased from a low of 1.43 ft. to 
a high of 2.91 ft. or an average 
increase from 1.71 ft. to 2.64 ft. 

A time study of a typical round 
after the men had become accus- 
tomed to the equipment appears in 
Table 5. 

This time study of an actual 
cycle is very close to our theoretical 
cycle proposed to the union com- 
mittee. It also shows that the price 
is still high. 

Air vs. Storage Batteries 

The question naturally arises as 
to the relative merits of this type 
of compressed air locomotive com- 
pared with the conventional lVA 
ton storage battery locomotive 
which is often used for this type 
of work. In our opinion each has 
its place. The compressed air loco- 
motive costs less than half as much 
as the storage battery locomotive. 
It can he operated with relatively 
unskilled labor since supervising 
and charging of batteries does not 
have to he considered. Using the 
air from the locomotive air tank 
to dump the car is a great advan- 
tage. On the other hand the battery 
locomotive would appear to he the 
answer for longer hauls, particu- 
larly if it is desired to switch cars 
at the face, make up a train of 
several cars, and haul to a dump 
several thousand feet away, for ex- 
ample. 

The air locomotive and the auto- 
dump car have been very effective 
for drifting, producing the follow- 
ing results: less physical effort on 
the part of the workman with an 
increase of bonus earnings, a de- 
crease in drifting costs for the 
company and a decrease in the total 
number of men employed. 

Much of the credit due to 'the 
success of this achievement belongs 
to the workmen involved and to the 
officials of the local union for their 
cooperation. 

The writer wishes to thank the 
Granby company for permission to 
publish this paper. Special thanks 
are due J. A. C, Ross, mine super- 
intendent and P. E. Olson, test en- 
gineer, for their valuable assist- 
ance in the preparation of this 
article. 
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D RAG FANS around the country will soon be treated to some- 
thing different in dragsters when the Speed-Sport Shop 
Special fires (?) up for a nationwide tour. Long famous for 
their 170-plus-mph modified roadster, the Tucson, Arizona 
speed merchants have forsaken their fuel-burning monster to 
come out with the world's first air turbine-powered car. 

Driven by three modified jet aircraft starter motors, manu- 
factured by AiResearch's Phoenix division, the dragster used 
compressed air as fuel. 

The starters were originally designed to boost jet engines, 


such as those used in the Boeing 707, to starting speed. The 
compact units each weigh 35 pounds, and in a slightly modifier 
form each puts out 200 air horsepower. 

Air for the units is contained in lightweight aircraft .n r 
bottles mounted behind the driver. A 15-second supply of ai' 
at 3000 pounds per square inch powers the 3 3, -ton rail. 

This air, heated by combusters, spins the turbine wheels in 
each of the starters at 70,000 rpm. Reduced through gearm; 
this reaches the differential at 8000 rpm. Early tests have 
produced speeds in the 160-mph, nine-second e.t. range. /WT 


Artist's concep- 
tion shores the sleek aluminum 
body that is currently being 
built for the dragster. 



Jet aircraft starter motors using compressed air as fuel provide the unique 
power for this experimental dragster that has covered the 
quarter-mile in the nine-second range 



MOTOR TREND/SEPTEMBER 1962 
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Automotive Engineering 83 (Jan. 1975): 25. 


Air Car Rivals Electric 


Compressed air drive is proposed 
by Sorgato in Italy as a viable 
fuel-economy alternative to the 
electric car for industrial and 
urban use. Originally conceived 
for operation in hazardous areas 
such as mines and chemical 
plants where ignition or other 
electrical discharges could spark 
off an explosion, the basic con- 
cept consists merely of a bank 
of storage cylinders feeding an 
air motor through pressure- 
reduction and throttle valves. 

The first experimental model, 
built to demonstrate the idea, 
has nine air bottles charged to 
2840 psi by an external compres- 
sor. This pressure is reduced 
to 85 psi for the five-cyl radial 
motor, which drives the rear 
wheels through a simple re- 
duction gearbox with integral 
differential. 

Top speed of this near-silent 
and non-polluting vehicle is 30 
mph, and duration is said to be 
about two hours. A forward/ 
reverse valve controls direction 
of travel. The chassis illustrated 
weighs 770 lb. 

Advantages claimed for pneu- 
matic drive over conventional 
storage batteries are rapid re- 
charging (time dependent solely 
on the supply pressure availa- 
ble), simple speed-regulation, 
low cost construction and light 
weight. Further development of 
the air storage system and motor 
is underway, and the company 
plans to market small delivery 
vans based on a refined version 
of the present chassis design. 





WITH A BODY OM IT. . . . 





Automotive Engineering, November 1976 
Compressed-Air Hybrid 


Some of your readers, who studied 
the interesting article on Electric 
Vehicles in the August edition, 
may like to spare a passing thought 
on the merits of pneumatic vehicle 
propulsion. Almost all the argu- 
ments and relationships presented 
in the paper still hold good if com- 
pressed air is substituted for elec- 
tricity. But the real interest lies in 
the differences. 

It is not likely that a reasonable 
range can be achieved on stored 
compressed air alone, so that a 
hybrid, with an engine covering 
mean power demand to drive the 
air compressor, needs to be con- 
sidered. 


The potential transmission effi- 
ciency of a pneumatic transmis- 
sion is high compared to the elec- 
tric analogue and if heat from the 
charging engine exhaust is used to 
heat the driving air, a transmission 
efficiency in excess of unity is 
possible. In fact, with an open cir- 
cuit layout, such an arrangement 
is necessary to avoid freezing in 
the air motor exhaust. 

There is no limit to the charge or 
discharge rates and no difficulty 
in applying 100% regenerative 
braking, What is more, it is a lot 
simpler to store air at, say, 100 psi 
than to store electric energy in a 
high speed flywheel. There is also 
no battery charging loss and no 
battery weight; the storage weight 
of compressed air is small and it 
all but disappears if chassis mem- 
bers are made to double as air 
receivers. The weight of air motors 
is infinitesimal compared to elec- 
tric drive motors and nothing 


cleverer than a few valves is 
needed for propulsion control. 
There would be two or more air 
motors, so there is no need for a 
differential either. 

The charging engine, which 
either stops or runs at constant 
speed and load, can be tuned to 
maximum efficiency and mini- 
mum exhaust emission and if the 
economy steps found necessary for 
the electric vehicles are applied to 
the pneumatic hybrid, it should be 
possible to attain quite pheno- 
menal fuel mileages. 

Finally, the traditional skills of 
the automotive industry could 
readily encompass the develop- 
ment and production of such a 
vehicle. 

Dr. S. G. Bauer 
Derby, England 


Lawrence Livermore Report UCRL 525 53 , vol . 2, pages 1/16-17. 


1.2.2 Compressed Air Systems 

Compressed-air energy storage systems are defined as those that compress 
air at ambient conditions, store it in a receiver, and extract energy by al- 
lowing the air to expand through a motor back to atmospheric pressure. Sug- 
gestions for using such a system to augment the power capabilities of vehicles 

2 

do surface occasionally. The only known vehicle utilizing compressed air 

3 4 

is a prototype of golf cart size built in Italy. ' Its sole source of 
power is the compressed air which is stored at 20.7 MPa (200 atm) in nine 
steel cylinders. The test pressure of these cylinders is 31 MPa (300 atm) and 
their theoretical burst pressure is 83 MPa (800 atm), indicating a safety fac- 
tor of 4:1 based on ultimate strength. It is powered with a 5-cylinder radial 
air motor rated at about 3.75 kW (5 hp) with working pressure of 0.62 MPa (90 
psi) . This vehicle is only 2 m long and weighs about 500 kg (1100 lb) . Its 
application is limited to industrial complexes where its range and speed re- 
quirements are equivalent to those of a pick-up truck or small delivery cart. 
Under these circumstances, it is claimed that the vehicle will operate for 
about 4 h between charges, which can be accomplished in a matter of minutes. 
While it is also claimed that this vehicle can reach a top speed of 40 km/h 
(25 mph) , its range at this speed would be too insignificant to qualify it as 
a passenger vehicle suitable for public roads. 
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U.S. Patent Gazette February 1, 1983 


4,370,857 

PNEUMATIC SYSTEM FOR COMPRESSED AIR DRIVEN 
VEHICLE 

Terry R. Miller, Box 80, Crestline, Kans. 66728 
Filed Jul. 11, 1980, Ser. No. 167,524 
Int. Cl.’ F60D 31/02 

U.S. Cl. 60 — 413 5 Claims 

4 In a fluid power operated motor system, including at least 
one pair of double-acting piston devices respectively having 
piston elements and a storage source of pressurized fluid, the 
improvement comprising, pressure accumulating means opera- 
tively connected between said piston devices for transfer of 
fluid exhausted from one of the piston devices to the other of 
the piston devices, valve means connected to said piston de- 
vices for pressurization of said one of the piston devices and 


Seventeen Magazine July 19&0 


GENERAL AND MECHANICAL 


limiting said transfer of fluid exhausted therefrom to spaced 
intervals of time during which the storage source and the 
pressure accumulating means are substantially equalized in 




pressure, and vent means -for venting the fluid exhausted from 
said one of the piston devices between said spaced intervals of 
time. 


lines 


« / 1 ^ 79 , 







RUNNING ON AIR 


If you accused twins John and Robert Holcomb- 
plus three of their classmates— of being full of hot 
air these days, you'd almost be rigid! The live Buf- 
falo, Oklahoma, teens have banded together and 
built an air-powered vehicle, with the help of their 
Buffalo High School physics teacher. 

Quiet, pollution-free, and economical, the "car” 
glides along without a sound, except for the whoosh 
of air that powers the vehicle. Dubbed Mariah by its 
builders (after the song They Call Ihe Wind Maiiah), 
the two-seater vehicle resembles a three-wheeled 
motorcycle with bucket seats. 

The Holcomb brothers, 18, and their fellow phys- 
ics students, Paul Yauk, 18, Lonnie McManus, 17, 
and Ron Callin, 16, designed and built the car in 
Iwo months. They were inspired when their physics 
teacher, Gwen Cook, returned from a visit to an 
energy exposition in Dodge City, Kansas, and told 
V her class about an air-powered car 


built byTerry Miller, an aircraft mechanic. Intrigued by 
the idea, the boys got the car plans from Mr. Miller, 
designed their own body, and, in their spare time, 
built Iheir own air car. 

The car is powered by compressed air, "It works 
on the same principle as steam engines, but without 
liquid,” Ms. Cook explains. The compressed air 
forces pistons in the engine to move up and down, 
causing Ihe motor to turn. 

"Mariah averages thirty-two miles per hour and 
costs about two cents a mile to operate," says John. 
Adds his brother Robert: "During our test runs, it 
averaged about len miles to a tank of air." The boys 
have exhibited Mariah at stale energy fairs in Okla- 
homa Cily and Kansas City. 

With an average speed of 32 miles per hour, their 
car will never win a drag race. But with the high 
price of gas, it should be a winner at the gas pumpl 
—Carolyn B. Leonard 
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GOVERNOR JOHN CARLIN VERY PLEASED WITH SUCCESS OF 
KANSAS INVENTOR TERRY MILLER. BELIEVES FUTURE OF 
NATION LIES IN ALTERNATIVE ENERGY FORMS. CARLIN HOPES 
FOR DEVELOPMENT OF AIR POWERED CARS. 




1 54 TERRY MILLER HAS A BREEZY 

REPLY TO THOSE O.P.E.C. BLOWHARDS: 
AN EFFICIENT AIR-POWERED CAR 


NVENTOR 


PEOPLE Magazine 
July 27, 1981 


W e have satisfied ourselves we are 
not whistling in the dark,” says Terry 
Miller, 47, of Crestline, Kans. Nor, 
he might add, is he full of hot air, though 
his invention, a pollution-free auto- 
mobile, is. 

Air-powered vehicles are nothing 
new. One of the earliest patents was is- 
sued in 1885 to Charles E. Buell of 
Springfield, Mass. But Miller, who has 
put $15 00 and most of the last three 
years in the project, has built a soon-to- 
be-patented sequential arrangement 
in which compressed air is passed from 
cylinder to cylinder, something like a 
bucket brigade, to turn an axle. The 
compressed air’s power is thus ex- 
hausted through four cylinders, rather 
than escaping after only one as it did 
in previous inventions. 

Miller’s prototype, a three-wheeled, 

1 ,400-pound vehicle, can travel up to 
32 mph and has a range of some 17 
miles(the consumer version will go 45 
miles). He can refuel the compressed- 
air containers in four minutes, using 
a windmill, at an overall cost of less 
than a cent a mile. 

Miller, fascinated with engines since 
childhood, graduated from the Spartan 
School of Aeronautics in Tulsa. He’s 
licensed as a pilot and an aircraft me- 
chanic instructor. While he was 
developing his air-powered car, Miller 
and his second wife, Sharon, made 
their living by customizing campers. 

Currently he is demonstrating the 
car full-time at state fairs and energy 
exhibits, although he has not entered it 
in the $25,000 Los Angeles-to-Roches- 
ter, N.Y. rally in September for new 
alternative-fuel cars. Alcohol cars and 
salad-oil cars will be among those com- 
peting for that prize. 

Mass-produced, Miller’s car would 
sell for about $4,000, he estimates, in- 
cluding his modest royalty of about $10 
per vehicle. Meanwhile he sells design- 
and-building instructions for $2. After 
five Buffalo, Okla. high school students 
used them to build their own air car, 
they applied to drive it at Ronald Rea- 
gan's inauguration. Their rejection 
letter arrived the day after the parade. 

But the air car is not a toy, Miller in- 
sists. ‘‘It's a weapon that can be used,” 
he says. “It allows us to think about 
wind energy as a viable alternative to 
petroleum products.” □ 



Terry Miller tool* down Highway K-26 In 
Crestline, Kans. In his air-powered proto- 
type. His planned consumer version would 

carry one passenger plus the driver. Photograph by Michael Salas 
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UNITE ^STATES 
GOVERNMENT 


is quietly furnishing complete building instructions, including engineering drawings, 
(many pages) on: Where to buy parts: How to assemble: And road test your own 


AIR POWERED CAR 


You need only write to Commissioner of Patents, Washington DC, 20005. Askforthe 
building instructions for the only street legal. United States patented, air powered 
vehicle in the United States. Document number #4,370,857. 




G. Beckmann 
P. V. Gilli 
Thermal 
Energy Storage 

Basics - Design - Applications 

to Power Generation 

and Heat Supply f' 10 ^ 


Topics in Energy 

Edited by M. Grenon, S. Srinivasan, G. Woite 

Springer-Vetiag Wien NewVbrk 


8.3.1. Pressurized A ir Locomotive 

Pressurized air locomotives are used in mines when electric locomotives 
cannot be used because of danger of explosion. Their advantages are: no waste gas 
(rather there is a fresh air supply), no heat generation (rather there is a cooling 
effect by way of cold air exhaust and heat transfer) and simple operation and 
maintenance. 

Fig. 8.3 shows the arrangement. Air taken from bottles with 200 bar 
storage pressure is throttled to the working pressure of 14 to 20 bar, expanded 
in the HP cylinder, reheated by ambient air in a tube bundle heat exchanger and 
further expanded in the LP cylinder. The exhaust air is used in an ejector for 
sucking ambient air through the reheater [8.4]. Besides this compound engine 
(with double-acting HP and LP cylinders), small locomotives are equipped with 
twin engines (double-acting, single-expansion) or with four cylinder engines 
(single-action, single-expansion). Charging takes place with flexible hoses at 
charging stations which are supplied with pressurized air from a compressor 
located above ground. 

During discharge (in particular, during fast discharge) all components in 
contact with the pressurized air will cool down and may even become covered 

by hoarfrost. This will reduce heat transfer front ambient air and will reduce 
capacity also. Storage pressure will rise slightly during stops. This rise stems from 
temperature equalization with ambient. 

The pressurized air locomotives which have been built so far have storage 
pressures of up to 200 bar, storage volumes of up to 25 m 3 in one to three 
pressure vessels and ranges of up to about 6 km. Fig. 8.4 shows a locomotive of 
70 HP (5 1 kW) and 12.5 kN driving force, with chain drive. 

The measured specific output of a locomotive with 120 bar upper and 23 
bar lower storage pressure was about 10 000 kJ/m 3 [8.5 ]. The theoretical output 
in this pressure range is about 42 000 kJ/m 3 . Therefore, the discharge efficiency 
is about 24%. Losses consist of three main parts, the parts being of about equal 
size: Throttling losses at the pressure-reducing valve, losses which stem from 
non-isothermal expansion; and throttling losses, mechanical losses and exhaust 
losses of the engine. Thus, the efficiency of the pressurized air locomotive is 
lower than that of either the electric locomotive, or the electric storage (accu- 
mulator) locomotive, or the diesel locomotive. 




Fig. 8.3. Flow sheet of a pressurized air locomotive [8.4] 

a safety valve behind pressure control valve, b pressure control valve (discharge valve), c shut- 
off valve, d pressure indicator (range 0-36 bar), e charge valve, /fresh air valve, g storage 
pressure indicator, h pressure indicator (range 0-16 bar),/' governor valve, k reheater, / HP 
cylinder, m safety valve before HP cylinder, n intermediate vessel, o LP cylinder, p safety 
valve before LP cylinder 



Fig. 8.4. 70 HP pressurized air locomotive [8.4] 
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[57] ABSTRACT 

A system for propelling vehicles for carrying passen- 
gers or cargo comprises a longitudinal duct, having a 
slit at the top and a pair of rails or tracks. A vehicle is 
provided to run on the tracks and has a fin which 
projects into the duct to substantially fill the same. Dif- 
ferential air pressure is applied to the duct to cause the 
fin to move along the duct and carry the vehicle with it. 
The duct may include several stations with means to 
produce differential air pressure between the separate 
stations. A braking device operates to apply brakes 
when the pressure on both sides of the fin is substan- 
tially the same. Preferably the vehicle contains no inter- 
nal control for the fin or air pressure so that it can be 
controlled from the outside by the device for forward- 
ing the differential air pressure. 


4 Claims, 15 Drawing Figures 
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[57] ABSTRACT 

A pneumatic propulsion system for passenger vehicles 
is constituted by a structural beam, composed of modu- 
lar elements end-supported on pillars. The beam sup- 
ports the trackway and provides an air duct for pneu- 
matic propulsion of vehicles. A longitudinal slit in the 
top surface of the beam is sealed by flexible flaps and 
that press against each other to seal off the duct, while 
allowing for the passage of support mast. Airflow for 
propulsion of the vehicle is generated by a stationary 
airflow generator, which feeds the air propulsion duct 
by way of connecting ducts and which is outfitted with 
a set of four butterfly control valves that are controlled 
by a command and control system of flow and pressure 
condition in the duct which actuates the valves pneu- 
matically, allowing automatic or manual selection of 
“suction” or “pressure” conditions in the duct. Shutoff 
valves are fitted to openings in the bottom surface of the 
beam to allow isolation of segments of the propulsion 
air duct or, alternatively, its venting to connecting ducts 
or to the atmosphere, allowing by means of a combina- 
tion of several valves to delimit a specific propulsion air 
circuit. Traction of the vehicles results from the differ- 
ence in pressure that is established on opposite sides of 
propulsion plate by the effect of the airflow generated 
by the generator unit. A support mast connects to a 
propulsion plate jointly with a traction arm which 
transfers the resultant tractive force to the vehicle. 
Adjustable decompression panels assembled on the pro- 
pulsion plate assure that a maximum safe pressure differ- 
ential limit is not exceeded, said limit being controlled 
by the action of a set of springs positioned on both sides 
of the propulsion plate. 

19 Claims, 22 Drawing Figures 


Air-driven train gives commuters a smoother ride 


A NEW railway system installed 
this year in Jakarta, Indonesia, 
has trains with no engines. Instead they 
are pushed along by compressed air. 

The Aeromovel system was developed 
by the Brazilian company Sur Coester. 
It has elevated steel tracks supported on 
concrete legs and box sections 5 5 
metres above ground level. Beneath 
each track is a concrete duct. Blowers 
along the route force air through 
the duct. 

Projecting downwards from the 
bottom of the vehicle is a steel mast 
which passes through a 
slot in the top of the 
duct and holds a steel 
sail in the air flow, 
completely blocking 
the duct. If the force 
and direction of flow of 
the air is varied the 
vehicles will respond 
accordingly. 

Without the weight 
of the engines, the 
vehicles are very light. 

This cuts noise and 
vibration, giving a 
smooth ride. The train 
can also take very tight 
radius turns. □ 
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A Transportation System Called 
Aeromovel, Like Other Urban 
Mass Transit Concepts, 
Waits in the Wings 
for Its Time on Center Stage. 


■ 

Air Travel 
for Mass 
Transit 


B y the 1870s, traffic in some American cities 
was approaching gridlock. Horse-drawn 
streetcars that had helped cities grow stood 
nose to bumper on downtown streets, competing 
with carriages, carts, and pedestrians for forward 
movement. In 1866 in New York City, an overpass 
was built for people to cross lower Broadway. In 
winter there was snow to contend with, at least in 
northern climes, and everywhere and in all seasons 
there was manure. Mass transit had evolved some 
since the horse-powered omnibus of the late 1820s, 
but new technologies did not always find ready ac- 
ceptance, and financial downturns could restrict 
capital investment. 

The notion of elevated cars coursing above the 
crowd gained appeal. In A Century of Service — the 
Story of Public Transportation in North America, Brian 
Cudahy notes, "There were many exotic ideas sug- 
gested for elevated transit — overhead viaducts for 
horse cars, enclosed tubes suspended over streets 
through which cars could be shot by air pressure, 
even elevated moving sidewalks." 

Transit builders in New York, perhaps the most 
congested of America's cities, ultimately settled on 
adapting steam technology. They used small loco- 
motives to pull cars over tracks two or more stories 
high. Although an improvement, this did not rep- 
resent mobility perfected; the Els spread soot, star- 
tled horses, and sometimes started fires. 

Today, a century later, the concept of using air 
pressure to move elevated transit vehicles has 
made another appearance. A Brazilian company, 
which licensed an air-powered people mover in 
Jakarta, Indonesia, in 1989, is pursuing further pos- 
sibilities in Sweden, Thailand, Pakistan, and the 
United States. Lee Rogers, a transport economist 
and consultant, notes that there is a lot of interest in 
people movers in the United States, pointing to 
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cities in Georgia, Florida, and Maryland as exam- 
ples. "But no one," he says, "is willing to be the pi- 
oneer. Once it goes in, I think there will be more 
appreciation of it." In the 1940s, Rogers notes, peo- 
ple were more interested in better radios than in 
television. In those days, businessmen didn't fly. 
He asks, "Would you have invested in Pullman or 
DC-3s?" 

The Brazilian company is Sur Coester S.A., and 
its system is called Aeromovel. The company 
claims it is less expensive, safer, and more environ- 
mentally friendly than buses, conventional or light 
rail, and other automated guideway systems, 
whether these modes are powered by electricity, 
magnetic levitation, or internal combustion. 

In this era of air pollution, oil concerns, traffic 
congestion, Edge Cities, altered commuting pat- 
terns, and sporadically used rail systems, many 
metro areas are seeking alternatives. One such op- 
tion is automated guided transit (AGT). It is a po- 
tential multibillion-dollar market and embraces not 
only regular commuter transportation but also spe- 
cialized situations at sports complexes, shopping 
malls, resorts, amusement parks, and universities. 
George Swede, a Los Angeles transportation devel- 
opment specialist, reports there are more than 44 
AGT systems currently operating worldwide. 
There are a couple of dozen more in design or un- 
der construction. There is no question as to 
whether or not there are enough sites to use all 
these AGTs. One Department of Transportation 
study said more than 1500 potential sites exist in 
the United States. 

COST-COMPETITIVE 

Although the cost of instituting a new system is 
typically high, the price tag for the Aeromovel is 
competitive. For example, capital costs, says 


Rogers, run one-third of light rail. Operational cost 
is about $2.80 per vehicle mile. This can be com- 
pared with $11 for Miami's people-mover system 
and $14 for Detroit's. 

These costs result from lower vehicle weights 
and construction materials, lower energy expense, 
and reduced labor. There are no drivers, and main- 
tenance is less demanding. Although the automa- 
tion equipment required for the system is not inex- 
pensive, 70 percent of the total cost for Aeromovel 
is in civil works, that is beams and foundations. 
And that's also low. Lighter-weight cars mean 
lighter and fewer support beams. 

Because of these lower costs, Aeromovel can at- 
tract private investment. It did so in Jakarta... to 
the tune of $10,000,000 for a 3.2 km loop with six 
stations. In times of tight government budgets, pri- 
vate-sector participation becomes especially im- 
portant to mass transit. Curiously, this concept is 
not new. All mass-transit ventures were originally 
privately owned and operated. Boston's subway, 
the first underground in the nation, was also the 
first system to use public funding. That was close 
to the turn of the century, in 1897. By the mid- 
1940s, almost all mass transit lines in the United 
States were publicly owned and operated. Today, 
smaller-scale people-mover systems serving busi- 
ness districts, commercial centers, and tourist at- 
tractions have brought back private funding. 

According to George Swede, there are nonmone- 
tary factors that can influence the selection of peo- 
ple-mover systems. For example, there is the im- 
portance of a progressive image that a sleek and 
efficient transit service can impart to a city. That, in 
turn, can help the community compete for conven- 
tions. And that boosts downtown real estate val- 
ues. Such factors are, again, echoes from the early 
days of mass transit. 
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eromovel was developed by Oskar Coester, 
an inventor-businessman with a background 
in avionics and nautical engineering. In 
1982-83, he built a demonstration line at Porto Ale- 
gre in southern Brazil. It was a 1 km line that Co- 
ester planned to extend to serve the commercial 
district. A change in government cooled invest- 
ment, as it is wont to do, and the scheme has re- 
mained in limbo ever since. However, it continues 
to serve as a demo and has given its designers a 
decade of practical maintenance experience. From 
this have come many refinements to the original 
design. 

Aeromovel's antecedents predate the visionary 
Big Apple proposals floated in the latter half of the 
nineteenth century. Indeed, they date from Eng- 
land, circa 1847, when Isambard Brunei built his 
"atmospheric railway" along a 52-mile stretch of 
the Dover coast. It used a between-the-rails vacu- 
um tube and stationary pumping engines. The cars 
moved at speeds exceeding 60 mph. However, 
Brunei's plans were soon deflated when the line 
proved commercially and technologically infeasi- 
ble. The leather tube flaps, for example, quickly de- 
teriorated with use. 


Today's designs use plastics, rubber, steel, and 
concrete, and, especially important, computerized 
automation. Yet, Aeromovel remains relatively 
simple. The vehicles are passive — that is, they lack 
motors — and operate with steel-flanged wheels on 
steel rails. The wheels are more akin to bearings in 
that they're not used for traction. There is a con- 
crete guideway with a slot running its length. The 
vehicle has a rigid steel "sail" or plate that fits pre- 
cisely in a hollow duct in this guideway. The sail 
measures 1521 square inches and is attached to the 
underside of the chassis by a pylon. Conventional 
blowers, of the type used in tunnels, supply air at 
50,000 cfm through adjustable valves in the duct. 
The air, at a pressure of 2 psi, pushes against the 
sail. The Aeromovel car moves at speeds of 50 
mph. It reportedly can handle 90-degree curves at 
6 mph, and 10 percent upgrades. 

Blowers are located in closed containers along 
the system and are of different sizes to best serve 
distinct segments of the route. More powerful 
blowers are designated for grades; others are sized 
for curves, lower grades, and straightaways. This 
keeps energy consumption down. Energy conser- 
vation is also enhanced because of the lightweight 




Drawings prepared by The Match Institution 
for a brochure published by Sur Coester SI A 
show propulsion dements of a typical system. 

The cutaway is of a typical containerized 

power plant assembly for an Aeromovel installation. 

As can be seen in the pictures to the right, 
wheels are like bearings; they are not used 
for traction, as are conventional wheels. 

Propulsion is provided by air pressure against 
a "sail" that fits snugly in a hollow duct 
in the guideway (bottom left). 

Top picture, far right, shows an Aeromovel unit 
being placed on the wheel carriage on the track. 
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and off-track propulsion system, and the fact that 
there are no gears, power train, or intervening elec- 
trical circuits. Based on experience in industry, the 
blowers should run for 100,000 hours without a 
major failure. 

The ultralight articulated cars weigh 9 tons emp- 
ty. That is one-third the weight of a light-rail vehi- 
cle. Because they carry no engines, there is added 
passenger capacity for a given energy input. In 
fact, passenger payload approaches 70 percent for 
Aeromovel; for a New York City subway, it's 33 
percent. 

Although most AGT systems use a third rail with 
rotary electric motors on the cars themselves, there 
are some passive designs of note. These include 
people movers at Disneyland and Disneyworld 
that use, respectively, linear induction motors and 
powered wheels in the guideway. A system at 
Duke University uses pneumatic levitation. At the 
Circus-Circus Hotel in Las Vegas, it's cable. Per- 
haps the most famous system is San Francisco's ca- 
ble cars. They are the sole survivors of an era that 
once extensively used this urban transit mode. 

Aeromovel may not be a magic carpet ride, but it 
is smooth and quiet. According to Lee Rogers, the 


lack of engines aboard the cars translates into few- 
er vibrations and less noise. One test revealed a 
sound level of 63 dB between stations. This sug- 
gests to Rogers that an Aeromovel system could ac- 
tually enter buildings, even older ones not de- 
signed for such traffic. Another plus on the 
environmental side is that the vehicles and driving 
machinery emit no pollutants. 

Safety is another area where Aeromovel seems to 
have a competitive edge. Buffers of compressed air 
between cars prevent rear-end collisions, and 
valves in the duct separate one route segment from 
another. Hydraulic disk brakes augment reverse 
air thrust in stopping; both are controlled by mi- 
croprocessors. At a station stop, the blower idles 
and air pressure drops to zero. In case of power 
failure, the air valves automatically close, bringing 
cars to a halt. The slotted mast/sail device pre- 
cludes derailment, and Aeromovel has no electri- 
fied third rail. AGTs as a class, observes George 
Swede in his 1992 report entitled "Automated 
Guideway Transit Systems," have performed ex- 
ceptionally well from a safety standpoint. There 
have been no reported passenger fatalities due to 
failure of the automated control systems. 
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Aeromovel switching is similar to standard 
railroad switching with one more crossover 
element being moved to free the center slit in use. 
Drawings show a switch in its two positions ; 
the photograph shows a typical snatching area 
in an Aeromovel guideway installation 


With Aeromovel, valve-regulated air flow is 
based on data received from magnetic sensors in 
the trackbed. These are monitored by a central 
command post. Alternatively, operators at each 
station can manually control air flow with conven- 
tional industrial-type valves. A visual display on 
the operator's control panel shows the position of 
all valves. Digital indicators exhibit the speed of 
vehicles in each route segment, based on informa- 
tion from the sensors. Vehicle location on the route 
is also shown in a luminous display at each section 
control booth and at the central command post. 

S ome critics call Aeromovel too light, too flim- 
sy. These are people who, according to 
Rogers, have railroad backgrounds. Admit- 
tedly, Aeromovel cars require no heavy undercar- 
riage and they have no couplings. But, says Rogers, 
the system has a good life span. The prefab, cable- 
stressed concrete beams have a designed service 
life of 35 years. When necessary, customizing is 
possible. For example, the piers in Jakarta were 
built to withstand an earthquake measuring 6.5 on 
the Richter scale. This was a redundant precaution. 
Borrowing from Japanese transit technology, the 
Aeromovel system shuts down when vibrations 
reach 4 on the Richter scale. 

And what about comfort? In public transit's ear- 
ly days, that really wasn't part of the deal. Novel- 
ty, convenience, and sometimes relative speed and 
efficiency, were; but not comfort. One New York 
City newspaper in the mid-1860s said riding the lo- 
cal mass transit was "modern martyrdom succinct- 
ly defined." With the Aeromovel, some might ar- 
gue the more things change the more they stay the 
same. The essential Aeromovel system is mainly 
designed for standees making short trips, although 
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Here is graphic evidence that Aeromovel 
people movers can handle tight curves. 


movers perform well in this sector. Aeromovel, for 
example, can run 1- to 2-minute schedules between 
cars and move 2000 to 12,000 riders per hour, per- 
haps making 30 stops per hour at peak times. Min- 
imal headways, which Rogers predicts could drop 
to a single minute in a few years, result from auto- 
mated, precision timing; the distances involved; 
and rapid loading and unloading. There are four 
sets of double doors per side. 

Because AeromoveTs standard car is 80 feet long 
and can stop on a dime, or at least within 20 inches 
of its target, station platforms can also be about 80 
feet long. Thus they can easily be set into an exist- 
ing environment. On the other hand, unless a con- 
ventional transport system is built with a city or 
project, it must be retrofitted. The small stations re- 
quired by an AGT system can be spaced a half mile 
or less apart. This means better destination access. 
It goes without saying that this, in turn, encourages 
ridership. 

Aeromovel can be constructed at-grade or even 
underground. The latter is more expensive; the for- 
mer, potentially obstructive. An El seems best. It 
offers an exclusive, fully secure right-of-way. The 
elevated guideway design of the Aeromovel per- 
mits narrow contours for the routes. They can fol- 
low roadway medians, old rail lines, and minor wa- 
terways. Support columns are spaced about every 
80 feet and stand as high as local traffic needs dic- 
tate. Typically this is 14 to 15 feet. Modular beams 
permit quick and easy construction — Jakarta's sys- 
tem was completed in 8 months. 
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additional seats can be put into the interior space. 

But being a standee is not the strain it is on, say, 
a subway. Air propulsion means jerk-free acceler- 
ation and deceleration, and pneumatic air-bag sus- 
pension supplies a bump-free ride. Heating and air 
conditioning, although not part of the Porto Alegre 
and Jakarta operations, would almost certainly be 
added to any version deployed in this country. The 
main option here is an auxiliary power unit run- 
ning on fuel carried in a small cylinder. This would 
be ethanol, LPG, or propane, and would run the 
auxiliary power unit for 18 hours without refill. 
Batteries would not be logical; they would add 
weight and, says Rogers, they have problems in en- 
durance. There's no intent of adding a third rail 
simply to provide electricity for air conditioning. 

GAINING RIDERSHIP 

No matter what the mode, to gain and sustain 
ridership, mass transit must be efficient and reli- 
able. It must be "there." People are far more prone 
to use such transit if they know they won't have to 
wait for more than a few minutes. AGT people 


A eromovel technology, and AGTs in general, 
has potential for industrial and commercial 
applications. It can move materials and bulk 
goods as well as people, but that hasn't happened 
yet. Specialization so far has involved theme parks 
and airports. But the possibilities again hearken 
back to niches carved out by trolleys of years gone 
by. In some cities early in this century, they carried 
funeral corteges, sprinkled water on dusty streets, 
picked up garbage, and delivered milk. 

Conceivably, the immediate future of urban 
mass transit lies, at least in part, with specializa- 
tion, short hauls, and frequent runs. Work habits 
and styles are changing. Flexibility is ascendant, 
and timeliness and efficiency spill over to the 
leisure side. Public transportation, to be truly vi- 
able, should be useful for everyone all the time, not 
just for commuters along established corridors at 
traditional times of the day. 

Lee Rogers says he doesn't foresee any great 
technical advances or breakthroughs in the next 10 
to 20 years. He observes that computers and fax 
machines do some of the "commuting" for business 
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Aeromovel was developed by Oskar Coester. Installation in Brazil has served as a demo 
and Inis given designers practical maintenance experience, jakarta setup took 8 months. 

With the coming Olympics, an Aeromovel system might solve Atlanta's people-moving concerns. 


today. He also feels that although mass transit 
planners and designers won't admit it, automobiles 
have developed comparatively more efficiency and 
improvement over the past decade or so. 

OLYMPICS AND ATLANTA 

In Atlanta, Ga., officials face not only the chal- 
lenges of urban growth and mobility but also the 
influx of visitors for the 1996 Olympics. Last spring 
they began evaluating possibilities for people 
movers for downtown, midtown, and the Buck- 
head bistro district. According to Sam Massell, 
head of the Buckhead Coalition, a business group 
seeking a people-mover system for a 6-mile stretch 
through the commercial district, a feasibility study 
will consider mode, cost, route, and other factors. 
The study should be completed by spring 1993. A 
special property tax on local businesses would pro- 
vide funding for the system that would connect 
with the existing light-rail metro transit operation 
(MARTA). 

The Aeromovel system is a potential candidate 
because of costs, capacity, and implementation 
time. The city would like the same mode/technol- 
ogv for all three regions and hopes that the people 


movers would increase MARTA patronage by act- 
ing as feeders or collectors. Massell predicts wide 
acceptance of the Buckhead transit development 
that would charge passengers nothing while 
whisking them through lobbies of buildings and 
depositing them at hotels and restaurants. "It's 
definitely a way to cement into the future the eco- 
nomic viability of the Buckhead business core," he 
says. 

In Atlanta, the plan seems to be that people 
movers would not cut through neighborhoods, but 
rather become part of a particular neighborhood, 
serving residential and commercial needs. Accord- 
ing to the city's director of Planning & Develop- 
ment, Leon Eplan, the idea is not simply to move 
people and goods, but to build communities. 

In 1882, one transit industry executive listed 
three major problems facing the industry — the best 
way of feeding and caring for horses, the best pat- 
tern and manufacture of cars, and the honesty of 
conductors. The first and third no longer pertain. 
The second remains. By extension it may include 
affordable technology and a transit mechanism the 
public not only accepts, but partakes of, finds ben- 
eficial, and integrates into its life-style. 
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It has been said that there is nothing new under the sun. 
Files of potential articles in the editorial office today 
contain one marked "Pneumatic Car." It will discuss 
current activities in the area. The January 1900 issue 
showed this automobile operated by compressed air and 
built by The American Vehicle Company , NY. 

ABOVE: Compressed Air Magazine, March 1996, page 15 
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